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 Abstract 
This project compared performance in 1) inhibitory control and lexical retrieval tasks 
between monolingual and bilingual participants in two age groups: 7-12 year-old children and 
young adults; and 2) inhibitory control skills among three groups of young adults with 
differing degrees of bilingualism: monolinguals, bilinguals, and second language (L2) 
learners; and 3) lexical competence in bilinguals and L2 learners. By conducting these 
comparisons, this project aimed to explain how bilingual performance relates to current 
language exposure, language proficiency, receptive-expressive gap of vocabulary, and 
occurrence of the tip-of-the-tongue phenomenon. According to these results, first, bilingual 
children showed similar performance to their monolingual peers in lexical retrieval. This is 
possibly because they had similar patterns of language exposure and use to the monolinguals. 
In contrast, bilingual young adults performed similarly to monolinguals in terms of their 
expressive vocabulary size and receptive-expressive gap, but had larger receptive vocabulary 
and higher tip-of-tongue rates. Second, monolingual and bilingual young adults performed 
generally better than the L2 learners in both lexical retrieval and inhibitory control tasks. 
However, L2 learners scored similarly to bilingual young adults in tip-of-tongue rates and 
receptive-expressive gap. Finally, bilingual children performed better on the inhibitory 
control task than monolingual children, but this bilingual advantage in inhibitory control was 
not observed in the young adult groups. The findings will be discussed in relation to the 
Weaker Links account of bilingual lexical processing and their implications for the relation of 
lexical retrieval and inhibitory control at different stages of development and differing 
degrees of bilingualism. 
 
 1 
What Does Lexical Retrieval Performance in Children and Young Adults  
Say About Developmental Bilingualism? 
 
1. Introduction 
It is now known that speaking more than one language profoundly affects children’s 
cognitive development. Since the publication of Peal and Lambert’s (1962) seminal work that 
compared monolingual and bilingual children’s performance on assessments of general 
cognitive skills, an extensive literature has emerged that describes findings concerning 
developmental bilingualism and its resulting cognitive advantages, including improvements 
in cognitive flexibility (e.g., Cummins, 1976), attentional control (e.g., Bialystok & Martin, 
2004), metalinguistic awareness (e.g., Cummins, 1978), as well as executive functions such 
as memory (e.g., Bialystok & Feng, 2009), problem-solving (e.g., Bialystok & Majumder, 
1998), and inhibitory control (e.g., Bialystok, Craik, et al., 2005; Bialystok, Craik, & Luk, 
2008b). 
While research suggests that bilingualism results in numerous cognitive advantages, there 
is also evidence that bilingualism adversely affects certain speech production skills, which 
has been referred to as the bilingual verbal deficit (e.g., Bialystok & Feng, 2009). It has been 
reported that bilingual children develop vocabulary more slowly in each language than 
monolingual speakers of that language and they perform poorer on measures of language 
proficiency (Bialystok & Feng, 2011; Oller & Eilers, 2002). Bilingual adults typically have 
smaller vocabularies than their monolingual counterparts (Portocarrero, Burright, & 
Donovick, 2007), produce fewer words in verbal fluency tasks (Gollan & Kroll, 2001; 
Michael & Gollan, 2005), experience more tip-of-the tongue instances (Gollan & Acenas, 
2004), and perform poorer in picture naming (Roberts, Garcia, Desrochers, & Hernandez, 
2002) and lexical decision tasks (Ransdell & Fischler, 1987). 
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Given this apparent dissociation between verbal and general cognitive abilities in the 
bilingual population, the present study compared monolinguals and bilinguals in their 
performance across a range of tasks that measured lexical retrieval (through standardised 
measures of both receptive and expressive vocabulary) and inhibitory control. Unlike most 
previous studies on these topics, the selection of both receptive and expressive vocabulary 
measures allowed for the possibility of examining the participants’ lexical retrieval abilities 
in great detail. Specifically, it was possible to relate lexical retrieval performance to current 
language exposure and language proficiency. Further, the inclusion of both receptive and 
expressive vocabulary measures permitted us to calculate the magnitude and direction of each 
participant’s receptive-expressive gap. Finally, the expressive vocabulary task also permitted 
us to record the occurrence of the tip-of-the-tongue phenomenon. Each of these issues will be 
discussed in detail later in the Introduction.  
This thesis will present the findings of three experiments, which compares the 
performance of monolingual and bilingual school-aged children (Experiment 1), monolingual 
and bilingual young adults (Experiment 2), and young adult L2 learners to examine the role 
of differing degrees of bilingualism (Experiment 3) on performance in the abovementioned 
tasks. In this thesis, we will first, summarise evidence for bilingual performance in tasks of 
language proficiency and lexical retrieval (Sections 1.1-1.4). We will then outline previous 
findings regarding bilingual performance on tasks of executive functioning, specifically those 
examining inhibitory control (Sections 1.5 -1.6). Next, we present the results of the three 
experiments (Sections 2 - 4), and discuss the findings of lexical retrieval and inhibitory 
control across the two language groups and differing degrees of bilingualism (Section 5.1 – 
5.7). Finally, we conclude the thesis with limitations of this study and future directions 
(Sections 5.8 - 6). 
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1.1. Lexical retrieval/lexical access and verbal tasks 
1.1.1. Verbal fluency 
Verbal fluency tasks are used to assess the efficiency of word retrieval (Strauss, 
Sherman, & Spreen, 2006). Letter fluency tasks require the participant to retrieve words that 
start with a certain letter (e.g., letter F), and produce as many words as possible within a time 
constraint (usually 60 seconds). Category fluency tasks place the same time limit (usually 60 
seconds), and require the participant to say as many names as they can that belong to a certain 
category (e.g., animals).  
Letter and category fluency tasks both recruit language knowledge and cognitive 
abilities (Friesen, Luo, Luk, & Bialystok, 2015), and their scores are typically highly 
correlated with each other (e.g., Shao, Janse, Visser, & Meyer, 2014). However, relative 
distributions of language knowledge and cognitive abilities in letter and category fluency 
tasks are not well-understood (Friesen et al., 2015; McDowd et al., 2011). For example, 
Bialystok, Craik and Luk (2008a) reported that young adult bilinguals with matched 
vocabulary scores outperformed monolinguals on letter fluency but showed similar 
performance on category fluency, and bilinguals with lower vocabulary scores performed 
equivalently to monolinguals in letter fluency, but poorer than monolinguals on category 
fluency. This shows that when vocabulary sizes of participants are controlled, bilinguals seem 
to have an advantage in letter fluency, but not in category fluency. Additionally, neurological 
evidence suggests that different brain regions are recruited when participants complete the 
letter fluency (left frontal areas) or category fluency (temporal regions) tasks (Grogan, Green, 
Ali, Crinion, & Price, 2009). It is noteworthy that left frontal regions, which are well-known 
components of the executive functioning systems, are associated with performance in letter 
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fluency, and thus it seems likely that letter fluency is more involved with executive 
functioning abilities than category fluency. 
In a different study by Bialystok and colleagues (Bialystok et al., 2008b), groups of 
younger and older adult monolinguals and bilinguals were asked to complete a series of 
cognitive and verbal tasks for the investigation of the relationship between inhibitory control 
and lexical access. Bilinguals showed an advantage for cognitive control but a disadvantage 
in both letter and category fluency as compared to monolinguals. Both monolingual and 
bilingual participants came from the same university, had completed their education in 
English, and the bilinguals spoke their language other than English (LOTE) at home. This 
indicates that both verbal fluency tests could be subjected to the influence of the bilingual 
verbal deficit even when the environmental factors and the language of education were 
identical to those of their monolingual peers and despite an advantage in the general cognitive 
domain. 
In another study comparing letter and category fluency in Persian monolingual, 
Turkish-Persian bilingual, and Kurdish-Persian bilingual school-aged children, bilinguals 
generated more words than monolinguals in the letter fluency test, but monolingual children 
generated more words than both bilingual groups in the category fluency test (Kormi-Nouri, 
Moradi, Moradi, Akbari-Zardkhaneh, & Zahedian, 2012). Noticeably, a variety of categories 
and letters were used in this study (Borkowski, Benton, & Spreen, 1967; Kormi-Nouri et al., 
2012). Monolinguals typically have larger vocabularies in a single language than bilinguals, 
and thus a large number of categories may present monolinguals with an advantage in 
generating names of objects within those categories. However, according to the authors, the 
results could also be masked by inconsistent language proficiency levels among the 
participants. Additionally, as the grouping of participants in this study was based on their 
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school grades, children’s ages were not necessarily matched. As a result, the relationship 
between age, language proficiency and verbal fluency performance is still not clear. 
In summary, previous findings comparing bilingual versus monolingual performance 
in verbal fluency have generally shown that bilinguals perform worse than monolinguals on 
fluency tasks. However, in some instances (e.g., Ljungberg, Hansson, Andrés, Josefsson, & 
Nilsson, 2013), bilinguals outperform monolinguals on letter fluency. It is necessary to 
consider the baseline cognitive abilities, vocabulary knowledge, and degree of bilingualism 
of the participants in order to understand the underlying reasons for these conflicting findings.  
1.1.2. Receptive vocabulary 
A large body of evidence shows that vocabulary size is a significant predictor of 
academic achievement and literacy acquisition (e.g., Swanson, Rosston, Gerber, & Solari, 
2008). Language assessments that are commonly used with school-aged children, such as 
lexical decision, verbal fluency, and picture-naming, are all sensitive to basic vocabulary 
knowledge (Bialystok & Luk, 2012). Therefore, if bilingual children have smaller 
vocabularies in each of their languages than monolingual children, this could conceivably 
lead to poorer performance in academic assessments in each language for bilingual children 
(Bialystok, Luk, Peets, & Yang, 2010).  
Monolingual children typically score higher on the Peabody Picture Vocabulary Test 
(PPVT), a widely used standardised measure of receptive vocabulary ability and scholastic 
aptitude, than do bilinguals (Bialystok et al., 2010). In the PPVT, the child is shown a set of 
four pictures and is then asked to select the picture that matches a verbal prompt. However, 
more sophisticated receptive-vocabulary analyses have uncovered that while monolingual 
children may have larger overall vocabularies, this is largely driven by monolingual children 
knowing more ‘home’ words (such as saucepan or jug) than their bilingual peers, although 
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both monolingual and bilingual children perform similarly on ‘school’ words (such as 
astronaut or amphibian) (Bialystok et al., 2010). This suggests that bilingual children are 
capable of matching their monolingual peers in terms of vocabulary size when placed in 
situations where they can attain equivalent amounts of exposure to the target language. 
The comparison of vocabulary sizes between monolinguals and bilinguals can be 
complicated by additional factors, such as the norms that are applied or even the tasks that are 
used. For instance, in a large study of 797 monolingual and 808 bilingual adults (age range 
17-89 years), monolinguals were found to have larger vocabularies when monolingual norms 
were used to calculate standardised scores and the context of vocabulary usage was 
monolingual (Bialystok and Luk, 2012). Yan and Nicoladis, (2009) measured expressive 
vocabulary using a non-standardised picture-naming test, and receptive vocabulary size using 
both the PPVT and a comprehension post-test of pictures that had not been named correctly 
during the expressive vocabulary test. Monolinguals exhibited a slight advantage in receptive 
vocabulary scores (note that PPVT scores showed no difference, but the comprehension post-
test scores did show a reliable group difference), but monolinguals enjoyed a large advantage 
in expressive vocabulary scores (the picture-naming task). Therefore, it is necessary to 
carefully consider the method with which vocabulary size is measured as different tests may 
yield widely differing patterns of results. 
1.1.3. Expressive Vocabulary 
The measurement of expressive vocabulary has been carried out widely through 
picture-naming tasks, such as the Boston Naming test (Kaplan, Goodglass, & Weintraub, 
2001) and its adaptations. The traditional Boston naming test presents a number of pictures 
with an instruction such as “Tell me the name of each picture”. The modified Boston naming 
test presents selected words from the original test but replaces half of the test drawings with 
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definitions, and these are presented on alternating trials (i.e., drawing then definition etc.). If 
participants are unable to produce the correct words when presented with definitions, but are 
able to select the correct words when presented with pictures, this is taken as evidence that 
word retrieval is due to small vocabulary size (Bialystok et al., 2008a). Such techniques are 
particularly useful for assessing vocabulary size in bilinguals because they permit 
examination of the underlying cause of the bilingual disadvantage in lexical retrieval. This is 
particularly important when one considers that studies that have used the Boston Naming test 
or its adaptations and required picture-naming to occur in only one language (i.e., that of the 
monolingual group) have generally found that bilinguals are able to name fewer words than 
monolinguals (Bialystok & Feng, 2011; Gollan, Montoya, Cera, & Sandoval, 2008; Roberts 
et al., 2002). 
 Gollan et al. (2005) asked English monolingual and Spanish-English bilingual young 
adults to name 180 pictures (taken from Snodgrass and Vandervart, 1980) in either language. 
Under these conditions, bilinguals named pictures faster than monolinguals when they knew 
the names of the pictures in both languages. This finding suggests that knowing the word in 
both languages makes lexical retrieval more efficient. This suggests that previous findings 
that have typically shown that bilinguals retrieve words slower than monolinguals might be 
due to the fact that they are only able to name these words in one of their languages, and for 
those words, a bilingual’s lexical items might be conceptualised as analogous to having a 
lexicon full of lower frequency words, relative to monolinguals (Gollan et al., 2005).  
The Expressive Vocabulary Test (EVT) (Williams, 1997) is another commonly used 
picture-naming test that measures expressive vocabulary, and is appropriate for use with 
children and adults. It is co-normed with the PPVT, and is therefore an excellent choice for 
use with participants of different ages. It requires the participant to produce a one-word 
synonym to a question asked by the administrator, such as “What is another word for stop?” 
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(Williams, 1997). Studies that have employed the EVT have generally found a disadvantage 
among bilingual adults compared to their monolingual peers (e.g., Luo, Luk, & Bialystok, 
2010).  
Studies comparing expressive to receptive vocabulary sizes often examine the failure 
to successfully retrieve known words, referred to as tip-of-the-tongue states. Additionally, it 
can be useful to investigate how vocabulary size relates to components of language 
proficiency (e.g., speaking ability) and its relations to other variables such as language 
environment and language exposure. These aspects are discussed in detail below. 
1.1.4. Tip-of-the-tongue (TOT) 
A tip-of-the-tongue (TOT) state represents a difficulty in lexical retrieval that occurs 
when a talker knows the target word, feels close to finding it (Ecke, 1996), but often ends up 
in suspended sentences and disfluencies while trying to express the intended target in other 
words (Gollan & Brown, 2006). TOTs have been examined in studies on ageing (Burke, 
MacKay, Worthley, & Wade, 1991), speech pathology (Faust & Sharfstein-Friedman, 2003), 
as well as within the field of bilingualism. Bilinguals exhibit an increased frequency of TOT 
states (Gollan & Silverberg, 2001) and name pictures more slowly than monolinguals even in 
their first and dominant language (Ivanova & Costa, 2008). This is thought to reflect lexical 
competition between the bilingual’s two languages. According to Gollan and Brown’s (2006) 
two-step approach, the first step of word retrieval involves meaning-based retrieval, and this 
is followed by the retrieval of form-based representations (Gollan & Brown, 2006). Within 
this two-step approach, TOTs are thought to reflect successful completion of access to 
meaning but failure to retrieve a fully specified form-based representation (e.g., Burke et al., 
1991). This characterisation classifies TOTs as partially successful retrievals (Yan & 
Nicoladis, 2009). 
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In picture-naming tasks, the measurement of TOT rates (the frequency of TOTs 
during a production task expressed as a percentage) serves as an indicator of insufficient 
expressive lexical retrieval, providing a more sensitive measure of expressive ability than 
merely expressive vocabulary size. Compared to the measurement of reaction time (RT) of 
expressive response where slower RTs indicate deficiencies in picture-naming, TOTs provide 
a more objective measure in that they differentiate the failed responses into items that the 
participants “do not know” and those that they “know but cannot immediately recall”. 
Additionally, TOT rates eliminate the possibility that participants have misunderstood the 
administrator’s questions by providing opportunities to ask clarification questions, unlike in 
tasks relying on the measurement of RTs. The TOT rate is calculated by dividing the TOT 
occurrence by the number of questions subtracted by the number of items that the participant 
did not know. This method of calculation controls for the number of opportunities to have a 
TOT, because it is not possible to retrieve an unknown word, and the bilingual participants 
were familiar with fewer target words (Gollan & Acenas, 2004). 
Although TOTs have been investigated in bilingual young adults and older 
adults(Gollan & Acenas, 2004; Gollan & Brown, 2006; Gollan & Silverberg, 2001), they 
have not yet been investigated in bilingual children. TOTs have been examined in other 
populations of children, for example children with dyslexia (Faust & Sharfstein-Friedman, 
2003), suggesting that they are appropriate for use with younger populations. To address this 
gap in the literature, we will investigate TOTs in monolingual and bilingual school-aged 
children to probe the effects of childhood bilingualism on lexical retrieval. 
1.1.5. Lexical retrieval and receptive-expressive gap 
Receptive-expressive gap represents an unexpected discrepancy between receptive 
and expressive language that goes beyond the normal asymmetry between the two modalities 
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(Gibson, Peña, & Bedore, 2014; Keller, Troesch, & Grob, 2015). It is common that children’s 
expressive vocabulary size tends to be smaller than their receptive vocabulary size, but this 
difference is more pronounced in bilinguals. This is evidenced in groups such as preschool 
children (Miccio, Tabors, Paez, Hammer, & Wagstaff, 2003), as well as school-aged children 
(Gibson, Oller, Jarmulowicz, & Ethington, 2012; Kan & Kohnert, 2005; Oller & Eilers, 2002; 
Yan & Nicoladis, 2009). Past studies examining the receptive-expressive gap have assumed 
that expressive vocabulary requires motoric representations of words, given that receptive 
and expressive vocabularies share a common semantic store (e.g., Fromkin, 1987). The 
implication is that production is more difficult than comprehension and requires more 
practice. If so, bilinguals are likely to experience a receptive-expressive gap due to 
difficulties of lexical access during production, because they spend less time speaking either 
language compared to monolinguals. Although bilinguals might also have smaller receptive 
vocabularies than monolinguals, there is evidence that practice may affect comprehension 
less so than production (Yan & Nicoladis, 2009). 
Bilingual children possess a larger receptive-expressive gap in their first language (L1) 
than in their L2 (Gibson et al., 2014). However, it has also been reported that children show a 
larger receptive-expressive modality difference in their weaker language than in their 
stronger language (Sheng, Lu, & Kan, 2011). Therefore, it seems likely that the magnitude of 
the receptive-expressive gap in either language is determined by the quantity and quality of 
language exposure (Gibson et al., 2014). When used in this way, the receptive-expressive gap 
(for L1 relative to that for the L2) is taken as a measure comparing the proficiency of the two 
languages bilinguals possess in examining other dynamic and complicated conditions of 
language acquisition. 
As can be seen, previous evidence indicates that bilingual participants, children and adults, 
tend to underperform monolinguals in tasks of lexical retrieval and vocabulary assessments in 
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their two languages (e.g., Ivanova & Costa, 2008). Nonetheless, bilingual advantages have 
been found on some tasks that engage both lexical competence but also advanced level of 
attentional control or inhibition (e.g., Bialystok & Feng, 2009). A number of theoretical 
models have been developed to account for the different patterns of results that have been 
observed in bilinguals in terms of their expressive and receptive vocabulary sizes. These 
models provide useful starting points for understanding differences between bilinguals and 
monolinguals in terms of vocabulary size, as well as related phenomena such as TOTs and 
receptive-expressive gap. Below, we cover the models that are most relevant for the present 
research. 
1.2. Weaker Links account  
Gollan and Brown (2006) have proposed the Weaker Links account of bilingual lexical 
retrieval to primarily explain the TOT phenomenon. According to the Weaker Links account, 
bilinguals can only speak one language at a time, thus they necessarily use words particular to 
each language less frequently than monolinguals. This, in turn, leads to relatively weaker 
connections (or ‘links’) from semantic representations to word forms and consequently more 
TOTs.  
The Weaker Links account has been extended to explain results of more recent studies 
(e.g., Gibson et al., 2012) that have shown a bilingual disadvantage in lexical retrieval. 
Bilinguals are assumed to experience a weaker link in either of their two languages because 
they must divide their language use between the two language systems, and therefore speak 
each language less often than do monolinguals. Unlike bilinguals, monolinguals will by 
definition devote 100% of their time to repetitively practising their sole language (Gollan & 
Acenas, 2004; Gollan et al., 2005; Gollan & Silverberg, 2001). In bilinguals, over time, the 
less practised lexical representations will develop weaker links between semantics and 
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phonology in each lexical system, relative to monolinguals. Thus, the Weaker Links account 
draws an analogy between patterns of language use, bilingualism and frequency effects, 
whereby increased use leads to improved lexical accessibility (Gollan et al., 2008). 
1.3. The Suppression account 
According to the Suppression account, a bilingual’s two languages are constantly 
active (Green, 1998), and this interference results in lexical retrieval deficits. Evidence 
supporting the Suppression account comes partly from reported enhanced executive function 
of bilinguals across the lifespan (Sandoval, Gollan, Ferreira, & Salmon, 2010). Kormi-Nouri 
et al. (2012) investigated the case of bilingual school children who were educated in their 
weaker language and found that in verbal fluency tests bilingual disadvantage is more 
observable at the older age groups of school-aged children than at younger ages. This means 
that greater proficiency in the weaker language will lead to a more balanced proficiency 
between the two languages for bilinguals and therefore give rise to greater interference 
between the two languages. Further evidence for the Suppression account comes from Linck, 
Kroll and Sunderman (2009) who compared adults who studied a foreign language (L2 and 
non-dominant language) in a study-abroad program (i.e., the immersion group) with adults 
who studied a foreign language in a traditional classroom in the native language (L1 and 
dominant language) country. The immersion group was more sensitive to semantic-neighbour 
distractors but unaffected by the high perceptual overlap of the lexical-neighbour distractors 
of their non-dominant language (L2) in a translation recognition task (Sunderman & Kroll, 
2006). For their dominant L1, the immersion group performed worse when they were 
overseas, but their performance recovered six months after having returned to their home 
country (and language environment). This reflected a change of L2 processing for the 
immersion group to become more proficient, and the effect of inhibitory control of their 
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dominant L1 when it was out of the language context. These findings demonstrate that 
language context directly influences changes in proficiency, that is, proficiency improves 
when the used language corresponds to the context language, and leads to language 
suppression when the used language is out of context (Gibson et al., 2012; Linck et al., 2009).  
1.1. Language proficiency and language learning experience 
Both the Suppression account and Weaker Links account support the notion that language 
proficiency is closely related to lexical retrieval performance. Indeed, L2 proficiency seems 
to be one of the most relevant factors for predicting bilingual lexical performance (Costa & 
Santesteban, 2004). For example, proficiency correlates negatively with the number of L1 
lexical intrusions in L2 speech production (Poulisse & Bongaerts, 1994). Consistent with the 
Suppression account, this suggests that highly proficient bilinguals may have developed a 
different sort of selection mechanism that requires less inhibition of the non-response 
language for successful selection of words in the intended language. Evidence supporting the 
Weaker Links account can be explained by the phenomenon of reversal of language 
dominance in young immigrants. Following immigration, language proficiency of the non-
dominant foreign language increases as the bilingual individuals practise their language in 
new social environments (Portes & Hao, 1998). After much exposure and practise, language 
dominance may switch to that of the most practised language. However, the measurements of 
general language proficiency merely come from self-rated scores (or parent-rated scores in 
the case of children) of reading, understanding of speech, writing, and speaking, which do not 
specifically address the issue in a sublinguistic domain (such as lexical retrieval). Therefore, 
it is important to measure cognitive and other aspects of verbal abilities as we do so in this 
thesis. 
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In psycholinguistic studies, other variables shaping the continuum of bilingualism include 
language use, language exposure (in different settings), age of acquisition, language of 
education, as well as language environment (or social community language). However, it is 
not well understood how these variables affect receptive and expressive vocabulary size in 
bilinguals. In a longitudinal study examining the relations of input, output, receptive 
vocabulary and expressive vocabulary among Spanish-English bilingual children, Ribot, Hoff, 
and Burridge (2017) found an effect of output (frequency of language use) rather than input 
(language exposure) on expressive vocabulary growth. Meanwhile, it was reported that 
increased input (language exposure) affected the growth of receptive vocabulary. 
 Paradis and Jia (2017) investigated the variables that contribute to children’s long-
term English proficiency, and found that language environment factors were highly relevant. 
The measures that contributed to long term English proficiency included PPVT, a sentence 
recall test, a word class test, and a verbal memory test. Language environment factors that 
contributed to English proficiency included parental education, parental English proficiency 
as well as parental language use with their children. Thus, the results suggest that language 
exposure greatly affects children’s language comprehension. Similarly, in Luk and Bialystok 
(2013), a larger sample of 110 heterogeneous bilingual young adults were examined to 
explore the role of language use, age of acquisition, and self-reported proficiency on PPVT 
and EVT scores. The results showed that self-rated proficiency scores as a whole were related 
to both PPVT and EVT scores. 
According to Gollan et al. (2008), more language use would offset to some extent the 
vocabulary disadvantage of bilinguals. In this study, low proficiency bilinguals were slower 
to name words in an expressive vocabulary task. Response times were more affected when 
naming lower frequency words than when retrieving higher frequency words. But with 
increased repetition (indexed here by the increasing age of some participants), the frequency 
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effect was attenuated. These results are consistent with the Weaker Links account which 
specifies that increased language use strengthens the links between semantics and phonology 
in the lexical system, leading to faster response times. 
1.2. Executive functions 
In the preceding sections, we have reviewed studies that have implicated the role of 
executive functioning skills in monolingual and bilingual performance on lexical retrieval 
tasks. We now turn to discuss the evidence that points to a potential bilingual advantage in 
the non-verbal domain, and its relationship to bilingual performance on verbal and language 
proficiency tasks. The executive control system has been proposed to be a composition of 
three basic mechanisms: shifting between tasks or mental sets, updating and monitoring of 
working memory representations, and inhibition of dominant responses (Miyake et al., 2000). 
The first proposed component, shifting, has the role of disengaging attention from one task 
and engaging it in another task (Miyake et al., 2000). Shifting ability is usually assessed using 
switching paradigms such as the Stroop-like task. In these tasks, participants are asked to 
attend to a specific stimulus dimension and resist their habitual response. Thus, to succeed in 
this task, participants are required to shift from their usual habit or mode of delivery into 
other different rules. Without the shifting mechanism, a person would become fixated on a 
single task or language and not be able to switch when necessary.  
 
The second executive control component is updating, and it includes the revision and 
monitoring of working memory representations such as task goals and memory traces 
(Callejas, Lupiàñez, Funes, & Tudela, 2005; Miyake et al., 2000). When new information is 
received by the executive control system, this mechanism acts to monitor and code the 
incoming information as relevant or irrelevant to the task at hand. It then allows applicable 
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information to enter into the working memory processing space (Koch, Prinz, & Allport, 
2005; Miyake et al., 2000; Rubin & Meiran, 2005). This mechanism is important for keeping 
distractor items from reaching working memory where they could interfere with the relevant 
information.  
 
The third proposed component of the central executive system, inhibition refers to the 
active suppression of irrelevant information (as determined by the goal in working memory) 
that then allows attention to remain on the current task (Friedman & Miyake, 2004). 
Inhibition is a mechanism that can be used when competition occurs among items in working 
memory and acts to select a target item by reducing the activation, or accessibility, of a non-
target item. 
 
The development of executive functions across the lifespan has been the focus of 
extensive research in recent decades. It has been evidenced that the ability to solve 
processing-intensive tasks (such as speed of processing, working memory, and long-term 
memory) reaches its peak in young adulthood (Park et al., 2002a). Variation in executive 
function is thus more likely to be observed in childhood (Bayliss, Jarrold, Gunn, & Baddeley, 
2003) when the foundations of cognitive processing are being established, or older adulthood 
(Bialystok et al., 2008b) when cognitive functions typically begin to decline. Thus we might 
expect any bilingual advantage in executive function to be modulated by age, although there 
is no consensus on this issue at present.  
1.2.1. Monolingual versus bilingual performance in executive functioning tasks 
Two of the most commonly used tasks that measure executive function are the Simon 
task and the Stroop task. The classic Simon task presents a red or blue square each time on 
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the left or right side of a screen. Participants are required to respond as fast as they can on 
each trial to press a button of same colour to the colour of the square they see. The two 
buttons are located on the left- or right-hand side of the participant’s body. Participants must 
suppress conflicting but irrelevant spatial information before responding, which is thought to 
draw upon executive functioning resources, and this typically prolongs reaction times. For the 
Stroop colour-naming task, there are four conditions. The first condition presents a sequence 
of characters (e.g., Xs) in different (e.g., red, green or blue) font colour, and requires the 
participant to name the font colour as quickly as possible. The second condition presents 
coloured words in the same black font size and requires the participants to read the words 
aloud. The third is a congruent colour-naming condition, where the font colour is congruent 
with the word name and the participants need to name the font colour. The forth condition 
present the word the font colour in conflict font colours, and the participants are asked to 
name the font colour. For each of the trials, participants have to respond as quickly as they 
can (Martin-Rhee & Bialystok, 2008). 
Although bilinguals are thought to have an executive functioning advantage relative 
to monolinguals, such advantages are not always observed in studies using executive 
functioning tasks mentioned above (e.g., Duñabeitia et al., 2014). There is no consensus as to 
why bilingual executive functioning advantages are observed in some studies but not in 
others. There are, however, possible explanations for these mixed results. Across studies, 
differing versions of the tasks are used, such as coloured squares or directional arrows 
(Martin-Rhee & Bialystok, 2008). Additionally, it is not yet fully understood what aspects of 
bilingualism are most important in yielding executive functioning advantages. Thus, some of 
the mixed results may stem from unintentional demographic confounds concerning linguistic 
and experiential factors pertaining to a bilingual’s language usage and upbringing (e.g., Luk 
& Bialystok, 2013; Paradis & Jia, 2017).  
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In another study examining cognitive control in young and older adults, bilingual 
young adults outperformed their monolingual counterparts on cognitively demanding 
versions of the Simon Arrows task and the classic colour-naming Stroop task (Bialystok et al., 
2008b). The Simon Arrows task first (in the first two conditions) presents an arrow in the 
centre of the screen and participants are asked to identify in which direction the arrow is 
pointing (left or right). In the last two conditions, the arrow is located on either the left or 
right sides of the screen. Participants are required to identify which side the arrow is pointing 
to while ignoring its onscreen location. Bilinguals (both young and old) performed better than 
English monolinguals in the classic colour-naming Stroop task, replicating previous findings 
((Bialystok, Martin, & Viswanathan, 2005). This was attributed to the greater cognitive 
demands placed on participants. However, no language group differences were found in the 
Simon Arrows task for the older adults. Participants in this study were completely educated 
in English and spoke a LOTE at home, and for those who were born overseas, their arrival 
age in the English community was as early as 6 years. Therefore, both the English 
proficiency and the language exposure of the bilingual group should be similar to that of the 
monolinguals. These data suggest that more cognitive demanding tasks are needed when the 
monolingual and bilingual participants are similar in their language experience.  
For both young and older adults, bilingualism has been associated with smaller Simon 
effects at both ages (Bialystok et al., 2004). In this study, participants completed the Simon 
squares task. Bilinguals responded faster under conditions that placed greater demands on the 
executive function system, and this effect was exaggerated in older adults. This suggests that 
bilingualism results in executive functioning advantages, and may counteract the decline of 
executive function that typifies cognitive ageing. Bilingualism may therefore preserve the 
integrity of executive function in older adulthood. 
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 Martin-Rhee and Bialystok (2008) compared five-year-old French-English bilingual 
children (who spoke French at home and English outside home and had received English 
education from year three) to age-matched English monolingual children in their performance 
on two different measures of inhibitory control. Specifically, they used the classic Simon 
squares task and a version of Stroop task. The authors also manipulated the degree of 
inhibitory control required from participants in these tasks, using two versions of the Simon 
squares task, a simpler version and the classic version. The simpler versions of the Simon 
squares task preserved one condition as the classic Simon squares task, but created two 
additional conditions that allowed participants to take more time to respond (i.e., participants 
were not allowed to respond until a cue appeared on the screen). In the version of the Stroop 
task used in this study, the participant was told to say “night” when presented with a picture 
showing a bright sun and to say “day” when shown a dark moonlit sky. In these simpler 
versions of the inhibitory control tasks (i.e., the Stroop task), bilingual children showed an 
advantage on the incongruent trials by responding faster than their monolingual counterparts. 
For the inhibitory control tasks (i.e., the Simon task), bilinguals outperformed monolinguals 
only in the most demanding conditions, namely when the spatial conflict compounded 
incongruence (which requires greater interference suppression). This suggests that the 
elicitation of bilingual advantage in executive control is subjected to task demands, where a 
greater demand for interference suppression in the task might better differentiate the bilingual 
from monolingual performance compared to tasks that target response inhibition. 
 Bialystok, Martin, and Viswanathan (2005) examined inhibitory control within 
English monolingual and French-English bilingual children (five years of age) using the 
classic Simon squares task. Bilinguals showed the expected advantage and outperformed 
English monolinguals on incongruent trials, but surprisingly, they also performed better on 
congruent trials. For the control condition, in which squares appear in the centre of the screen 
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(i.e., there is no conflicting spatial information), no differences were observed between 
monolinguals and bilinguals. This rules out the possibility that the bilinguals were simply 
better at the task since no bilingual advantage was observed in the control condition 
(baseline). The authors attributed the observed bilingual advantage in congruent and 
incongruent trials to the structure of the conflicting condition, in which squares appear on the 
left or right sides of the screen, and congruent and incongruent trials alternate, which is 
thought to have placed increased demands on the inhibitory control system. 
However, as mentioned above, bilinguals do not always show an advantage on 
executive functioning tasks. In a large-scale study (Duñabeitia et al., 2014), Basque-Spanish 
bilingual children and Spanish monolingual children (N = 504), ranging from school grades 
one to six, completed two Stroop tasks: the classic Stroop and a numerical Stroop. The 
numerical Stroop requires participants to match the font size of digits to their actual value. In 
each trial, two digits appear on the screen, one on the left end of the screen and one on the 
right end. The participants are required to decide which side of the digit is larger in font size 
and press the key on the same side. The monolingual and bilingual groups were matched for 
school grade. Bilinguals did not show any statistically significant advantage over 
monolinguals for either task. Thus, although there is considerable evidence that bilingualism 
results in an executive functioning advantage, there also exists evidence that raises questions 
concerning the robustness of this advantage or the conditions under which it is likely to 
emerge. 
1.3. The Present Study 
In sum, the roles of age, language proficiency, vocabulary size, exposure to the 
language environment, executive function, and verbal fluency in bilingual lexical retrieval 
have rarely been systematically assessed in previous studies, and consequently the existing 
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results are mixed. The present project aims to integrate the above mentioned variables in a 
systematic study of monolingual and bilingual performance across linguistic and non-
linguistic domains and across the developmental span. It addresses the question of how and 
why cognitive and lexical performance varies in monolingual versus bilingual children and 
young adults. It also assesses the degree of bilingualism on inhibitory control by including a 
group of L2 learners (i.e., an adult population with less degree of exposure and competence in 
the target language compared to bilinguals). The project seeks to answer the following 
research questions: 
1. How do different verbal measurements of bilingual proficiency relate to the measurement 
of inhibitory control in children and in adults? 
2. Does the reported bilingual advantage in inhibitory control emerge in bilinguals with 
different degrees of bilingualism (proficient bilinguals vs. L2 learners)? 
3. How are bilingual language abilities (measured in lexical retrieval tasks) related to 
variables such as language exposure (in quantity and quality), self-rated (or parent-rated) 
language proficiency and mode of language learning and language use (in different language 
settings)? 
In order to address these research questions, the study will test the following predictions: 
1. Proficient bilinguals will outperform monolinguals on inhibitory control tasks. This pattern 
should be observed both in children and adults; however, the size of the advantage should be 
greatest in children. L2 learners will exhibit intermediate performance on inhibitory control 
tasks, in between adult monolinguals and bilinguals.  
2. For the measures of lexical retrieval, two different theoretical accounts offer competing 
predictions: 
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a) According to the Suppression account (Gibson et al., 2012; Green, 1998; Linck et 
al., 2009), monolinguals will outperform bilinguals on verbal fluency, picture-
pointing and picture-naming tests. Monolinguals will have smaller receptive-
expressive gaps and smaller TOT rates compared to bilinguals. Bilinguals will have 
smaller vocabularies and show a general disadvantage for lexical tasks, even those 
with increased language proficiency; 
b) The Weaker Links account predicts that language usage will correlate with higher 
scores of all verbal measurements, regardless of whether the subject is bilingual or 
monolingual (Gollan & Brown, 2006; Ivanova & Costa, 2008). If bilinguals show a 
disadvantage in lexical retrieval for either language, then the effects of this 
disadvantage should be more pronounced in young adulthood than in childhood. This 
is because bilingual adults have been using two languages for longer than children 
and the links between semantics and phonology will therefore be weaker (i.e., they 
have been dividing their language use between two languages for longer). Further, 
any bilingual disadvantage should decrease as language use increases, and therefore, 
we expect bilinguals to perform better on English tasks than L2 learners (who possess 
less experience with English); 
3. Letter fluency will correlate with Simon Arrows scores, PPVT sores will correlate with 
category fluency scores (Friesen et al., 2015). 
4. Language proficiency, the quality of the language environment (in terms of language input 
and output), and amount of language exposure will correlate with the performance of the 
verbal tasks (Paradis & Jia, 2017; Ribot et al., 2017). 
To address the research questions and test the predictions presented above, three experiments 
will be presented in this thesis. In Experiment 1, six – to 12-year-old monolingual and 
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bilingual children’s performance will be compared on tasks of executive functioning (in 
Simon Arrows task), lexical retrieval (Verbal Fluency tasks and EVT) and language 
proficiency (PPVT test). In Experiment 2, monolingual and bilingual young adults aged 20-
30 are examined in the same process of the children’s group. In Experiment 3, we first 
compare a group of young adult L2 learners with both monolinguals and bilinguals to 
examine the effect of inhibitory control, and then we compare them to proficient bilinguals 
(the bilingual group from Experiment 2) to examine the effect of language use and language 
proficiency on degree of bilingualism. 
2. Experiment 1: Lexical retrieval and inhibitory control in children 
2.1. Method 
2.1.1. Participants 
A total of 46 children (23 male and 23 female) participated in the study. They were 
recruited through the MARCS Babylab database as well as from the community through 
word of mouth and advertisements. The data from six monolingual children were excluded 
from analyses due to a history of neurological and language disorders (4 stuttering, 1 Autism 
Spectrum Disorder, and 1 language delay). Data from the 20 monolingual (M age = 8.8 years, 
SD = 1.9) and 20 bilingual (M age = 8.4, SD = 1.2) typical developing children (23 male and 
17 female) were analysed. 
2.1.2. Background Measures 
Parents of the child participants completed the Child Language Background 
Questionnaire designed by BabyLab, MARCS institute for Brain, Behaviour and 
Development, Western Sydney University (see Appendix A). This questionnaire asks parents 
to rate their child’s proficiency in oral comprehension from 1-6 (where 1 means very low and 
5 means native), oral production from 1-6 and pronunciation from 1-5 (where 1 means very 
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accented, and 5 means native) in each known language, as well as language exposure (as a %) 
in settings of school, home, interaction with friends, media use, extracurricular activities as 
well as daily community activities. The parent’s language background, education and 
occupation, as well as the amount of time spent with their child are also recorded. 
Noticeably, data from monolingual children showed a majority (19 out of 20) of 
parental education levels at or below undergraduate degree, whereas a majority (19 out of 20) 
of bilingual children’s parents had achieved an educational level at postgraduate level or 
higher. Also, five of the monolingual children had some minor exposure (M = 2%, SD = 0.5) 
to a language other than English (LOTE) from parents or relatives. Within the group of 
bilingual children, 18 spoke Mandarin Chinese, one spoke Arabic and one spoke Spanish. All 
bilingual children had LOTE exposure for more than 20% (M = 33.3%, SD = 13.3). 
Additionally, all bilingual children were only exposed to LOTE before three years of age. 
Two of them reported to have language dominance in LOTE and another two were balanced 
(in both reading and writing) in their mastery of their two languages, and the remaining 16 
bilinguals were English-dominant. Parental rating of children’s proficiency in English and 
language exposure (%) is presented in Table 1. The bilingual group engaged in 
extracurricular activities for 5.6 hours per week (SD = 2.8) whereas the monolingual group 
spent 4.6 hours per week (SD = 2.7) in extracurricular activities. This difference was not 
statistically significant, t(38) = -1.237, p = .224. 
 
Table 1. Mean parent-rated scores for bilingual children’s language exposure and English 
proficiency.  
Measure M (SD) 
English Exposure % 67.5 (10.82) 
LOTE exposure % 33.3 (13.31) 
English oral comprehension (1-6) 4.9 (1.23) 
English oral production (1-6) 4.8 (1.24) 
English pronunciation (1-5) 4.3 (0.73) 
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2.1.3. Simon Arrows 
The Simon Arrows task measures executive function. It is based on the stimulus-
response conflict of the Simon task (Simon & Rudell, 1967) but uses directional arrows as the 
stimuli and includes conditions that vary in their demands for cognitive control. The Simon 
Arrows task used here is identical to that used in Bialystok et al. (2008b). The task was 
presented to participants on a laptop using E-prime (Version 2.0) software.  
The Simon Arrows task contains three conditions. First, the neutral condition (20 
trials) presents an arrow pointing either left or right in the centre of the display, and 
participants are required to press the left or right response key to indicate the direction of the 
arrow as quickly as possible. Second, in the opposite condition, arrows are presented 
centrally on the screen but participants are instructed to press the arrow key pointing in the 
opposite direction to that indicated by the onscreen arrow. The opposite condition (20 trials) 
measures inhibitory control, that is, the ability to override a habitual response to a familiar 
stimulus. The neutral and opposite conditions are thought to mimic the demand of the Stroop 
naming task (Martin-Rhee & Bialystok, 2008). Third, the conflict condition presents arrows 
on the left or right side of the display, rather than in the centre. Participants are instructed to 
indicate which direction the arrow is pointing, similarly to the first condition. However, in the 
conflict condition, an arrow may be pointing to the left but be located on the right side of the 
screen (and vice versa), or both be located and point to the left (or right), this condition 
involved both congruent and incongruent trials. The last condition corresponds to the classic 
Simon square task (Martin-Rhee & Bialystok, 2008). The conflict condition contained 40 
trials in total with 20 congruent and 20 incongruent trials presented in random order. 
Participants were given instructions before each block. They were told to respond as 
quickly as possible without making errors. When their reaction time for a trial exceeded 5 s, 
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the screen prompted “Please respond faster”, and then automatically moved on to the next 
trial. The experiment consisted of three blocks of trials (one block for each condition), and all 
participants completed the three blocks in the same order: neutral, opposite, and conflict. For 
the analysis, we calculated accuracy of the responses and the reaction time of correct trials, 
and categorised into neutral, opposite, congruent conflict as well as incongruent conflict. 
2.1.4. Letter (phonemic) Fluency and Category (semantic) Fluency task 
Verbal fluency was measured using the letter (phonemic) fluency and category 
(semantic) fluency tasks. The letter fluency condition required the participants to say as many 
English words that begin with the letter F within a time limit of one minute. Participants were 
instructed that proper nouns (e.g., France) or repeated words (e.g, fence, fence) or close 
variants (e.g., frog, frogs, froggy) were not permitted. This condition is reported to be 
effortful in that it is not a common strategy in word retrieval (Strauss et al., 2006). Thus, it is 
likely to pose difficulty especially for children and older adults, because it requires 
participants to apply several restrictions on this single condition. The category fluency 
condition requires participants to name as many animals as possible within a one minute time 
limit. As semantic word retrieval comes more automatically than phonemic retrieval (Levelt, 
1999; Luo et al., 2010), the presentation order of the two conditions was counterbalanced. 
Participants’ responses were audio recorded. Raw scores were calculated by subtracting 
incorrect answers (answers that did not follow the restrictions or non-word responses) and 
coded after the session. 
2.1.5. Peabody Picture Vocabulary Test 
      The Peabody Picture Vocabulary Test-IV (Dunn & Dunn, 2007) is a reliable 
standardised picture identification test that measures receptive vocabulary, and has been used 
in previous bilingual studies (Luo et al., 2010; Marian, Blumenfeld, & Kaushanskaya, 2007). 
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Moreover, PPVT-IV can be used to test people from the age of 2:6 to the age of 90. Therefore, 
it is an appropriate test for all age groups in this study.  
      In this untimed test, participants are presented with four pictures, and then the test 
administrator tells the participant to point to one of the pictures. In this study, the 
experimenter was not a native speaker of Australian English; therefore, the test words were 
played back to participants via computer in Australian-accented English. This was to ensure 
consistency and clarity of presentation of the stimuli across participants. The participants 
were asked to point to the picture that corresponds to the word they heard. The total raw score 
for each language was calculated and transferred into standard scores. 
2.1.6. Expressive Vocabulary Task 
The Expressive Vocabulary Test (EVT-II) is a measure of expressive vocabulary in 
English. EVT-II (Williams, 1997) is co-normed with PPVT-IV, and is appropriate for use 
across the same age ranges, that is, from early childhood through to late adulthood. EVT-II is 
also one of the most used picture-naming tasks because it allows for the measurement of 
reaction times of word retrieval or tip-of-the-tongue rates (TOT%) can be calculated, 
allowing for detailed analyses of the lexical retrieval process.  
      In the EVT-II, participants are presented with a picture and are then asked a question 
by the experimenter, which requires a one-word answer. The questions concern giving 
synonyms for words or naming words according to the pictures. 
      When participants failed to retrieve words, they were asked to indicate whether it was 
because they did not know the words or if they had simply temporarily forgotten the English 
words. The bilinguals were asked to indicate whether they knew the words in their other 
language. Prompts were given to the child participants if they did not give an answer 
immediately, such as “have you seen this before?”, and the answers were coded as TOTs 
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when they said “yes” and “DK” if they said “no” (Yan and Nicoladis, 2009). For young adult 
L2 learners, when the answers were pronounced slightly wrong because of accent or the 
influence of mother tongue, the answers were coded as TOTs.  
Calculation of raw and standardised scores followed a similar procedure to PPVT-IV. 
Age-corrected standardised scores were used in analyses. The TOT rate was calculated by 
dividing the TOT occurrence by the total number of questions minus the number of DKs, 
consistent with the procedure used by (Gollan & Acenas, 2004). 
 
2.1.7. Receptive-expressive gap  
Receptive-expressive gap is usually calculated by subtracting the score obtained in the 
picture-pointing task by the score of the picture-naming task (Gibson et al., 2012). Thus, 
PPVT-IV and EVT-II scores served an additional purpose in that they were also used to 
calculate receptive-expressive gap. For each participant, the standardised EVT-II score was 
subtracted from the standardised PPVT-IV score. Receptive-expressive gap indicates the 
pattern of language competency (in the measure of vocabulary). When the gap score equals 
zero, it means comprehensive and expressive vocabulary abilities are balanced. Better 
performance in receptive vocabulary than expressive vocabulary indicates better 
comprehension than expression (Williams, 1997). 
2.2. Results 
2.2.1. Simon Arrows task 
Accuracy. To investigate whether monolingual and bilingual children differed in their 
accuracy on the Simon Arrows task, a 2 × (4) mixed factorial ANOVA was conducted with 
the between-subjects factor of language group (monolingual vs. bilingual) and the within-
subjects factor of condition (neutral, opposite, congruent, incongruent). There was a 
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significant main effect of language group, F(1,38) = 11.54, p = .002, η𝑝2  = .233), indicating 
better overall performance by the bilingual children (M = 81.7) compared to the monolinguals 
(M = 92.6). There was also a significant main effect of condition, F(3,114) = 39.14, p < .001, 
η𝑝
2  = .487. Bonferroni post-hoc tests were then performed to compare performance between 
conditions. Children were less accurate in the demanding conflict incongruent condition than 
in the neutral condition (p < .001), opposite condition (p < .001) and conflict congruent 
condition (p = .001). There were no differences between the neutral and opposite conditions 
(p = .648), neutral and conflict congruent conditions (p = .091) and opposite and conflict 
congruent conditions (p = 1.0). There was no significant interaction between language group 
and accuracy, F(3,114) = 2.03, p = .114, η𝑝2  =.051. Group means for accuracy for the Simon 
Arrows task is presented in Table 2. 
Table 2. Simon Arrows accuracy (%) for monolingual and bilingual children. 
Condition 
Monolingual Bilingual 
M (%) SD M (%) SD 
Neutral  92.8 6.8 97.0 5.2 
Opposite  87.3 19.2 95.8 7.8 
Congruent  81.8 18.7 94.0 13.3 
Incongruent  64.8 22.6 83.5 20.1 
 
Despite the absence of a significant interaction in the preceding ANOVA, we 
considered the observed range of scores in Table 2 and elected to conduct some exploratory 
group comparisons within the Simon Arrows conditions. Independent samples t-tests were 
conducted on monolingual versus bilingual accuracy in each of the four conditions, with a 
Bonferroni-corrected alpha level of .0125 (05 / 4 = .0125) to account for multiple 
comparisons. Bilinguals were more accurate than monolingual children in the conflict 
incongruent condition, t(38) = 2.769, p = .009. No significant differences were found 
between the groups in neutral, t(38) = 2.219, p = .033, opposite, t(38) = 1.831, p = .075, or 
conflict congruent conditions, t(38) = 2.389, p = .022. These data suggest that, while 
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bilinguals enjoyed an overall advantage over monolinguals, the main effects of language 
group and condition may have been driven by performance in the conflict incongruent 
condition, which places the greatest demands on the inhibitory control system. 
Reaction Times. We next compared bilingual and monolingual children’s RTs across 
Simon Arrows task conditions via a 2 × (4) mixed factorial ANOVA with the between-
subjects factor of language group (monolingual vs. bilingual) and the within-subjects factor 
of condition (neutral, opposite, congruent, incongruent). There was a main effect of condition, 
F(3,114) = 38.061, p < .001, η𝑝2  = .500. No main effect of language group was found: F(1,38) 
= 0.661, p = .421, η𝑝2  = .017, nor was there a significant interaction between language group 
and reaction time, F(3,114) = 1.812, p = .149, η𝑝2  = .046. Bonferroni post-hoc tests confirmed 
that RTs became slower as cognitive demands increased, such that the incongruent condition 
had the slowest RTs, followed by the congruent, then opposite, and the neutral condition had 
the fastest RTs. Significant differences between the conflict congruent and conflict 
incongruent conditions (p = .013), the neutral and opposite conditions (p < .001), the neutral 
and conflict congruent conditions (p < .001), the neutral and conflict incongruent conditions 
(p < .001), the opposite and conflict congruent conditions (p < .001), and the opposite and 
conflict incongruent conditions (p < .001). Group mean reaction times for the Simon Arrows 
task are presented in Table 3. 
 
Table 3. Simon Arrows reaction time (ms) for monolingual and bilingual children. 
Condition 
Monolingual Bilingual 
M (ms) SD M (ms) SD 
Neutral  674.8 241.9 587.1 119.2 
Opposite  780.9 258.5 692.8 126.3 
Congruent  841.2 269.3 872.9 217.4 
Incongruent  951.9 326.0 895.0 173.2 
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2.2.2. Letter fluency and category fluency 
Verbal fluency was examined using a 2 language groups (monolingual vs. bilingual) × 
(2 conditions: letter fluency, category fluency) ANOVA. There was a main effect of verbal 
fluency test conditions, F(1,38) = 136.798, p < .001, η𝑝2  = .783, indicating that, overall, 
children performed significantly better when naming members of a category than when 
generating names that begin with the same letter. There was no main effect of language group, 
F(1,38) = 1.077, nor was there a significant language group × condition interaction, F(1,38) = 
1.171. Letter fluency and category fluency mean group scores are shown in Table 4. 
2.2.3. Comprehension and production 
Independent samples t-tests were performed to compare the difference between 
monolingual and bilingual performance in PPVT and EVT. No group differences were found 
for either PPVT scores, t(38) = 1.362, p =.181, or EVT scores, t(38) = 1.040, p = .305. Mean 
TOT rates (%) and receptive expressive gap scores are presented in Table 4. Independent 
samples t-tests revealed no significant group differences in TOT rates, t(38) = 0.430, p = .737, 
or receptive-expressive gap scores, t(38) = 0.338, p = .669. 
Table 4. Monolingual and bilingual children's mean scores for letter fluency, category 
fluency, PPVT, EVT, receptive-expressive gap, and TOT rates. 
Measure Monolingual Bilingual 
M SD M SD 
Letter fluency  6.4 3.8 8.6 4.5 
Category fluency 15.6 5.8 16.2 4.8 
PPVT 107.1 14.3 114.1 17.6 
EVT  105.1 15.3 110.7 18.3 
Gap 2.1 7.9 3.4 11.6 
TOT% 5.3 4.0 4.8 3.8 
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2.2.4. Correlations between verbal ability, executive function and demographic 
variables within bilingual children 
To examine the relationship between lexical retrieval performance and inhibitory 
control, as well as between verbal performances and parent-rated language proficiency and 
language exposure, we conducted correlations between variables in the bilingual and 
monolingual children respectively. 
For the bilingual children, correlations between measures of verbal ability and 
executive function are reported in Table 5. Interestingly, performance on the letter fluency 
task correlated with RT in three of the four Simon Arrows conditions. Specifically, bilinguals’ 
letter fluency scores were negatively correlated with RTs in the neutral (r = -.459, p = .042), 
opposite (r = -.457, p = .043), and conflict incongruent conditions (r = -.541, p = .014). 
Correlations were also observed between performance on the Simon Arrows task and PPVT 
scores. Bilingual children’s PPVT scores were positively correlated with accuracy in the 
neutral (r = .476, p = .034) and incongruent conditions (r = .487, p = .03), indicating that 
bilingual children who performed better on the Simon Arrows task tended to have higher 
PPVT scores. PPVT scores negatively correlated with the Simon effect measure of RT (r = -
.451, p = .004), suggesting that bilingual children with the smallest Simon effect cost, that is, 
those who were able to inhibit their habitual responses most effectively tended to have larger 
receptive vocabularies. 
Correlations between measures of verbal ability and executive function are reported in 
Table 6. PPVT score correlated with category fluency scores (r = .675, p = .001), EVT scores 
(r = .752, p < .001), indicating an influence of vocabulary size on performance in overall 
verbal tasks. Parent-rated proficiency and language exposure scores for the children are not in 
correlation with any of the verbal scores. 
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Table 5. Bilingual children's correlations between measures of verbal ability and inhibitory 
control. 
 Simon 
condition 
Letter 
fluency  
Category 
fluency  PPVT  EVT  Gap TOT% 
Accuracy       
Neutral  .196 .083 .476* .28 .282 .241 
Opposite  .286 -.039 .384 .079 .459* .289 
Congruent  .241 .376 .248 .141 .155 -.295 
Incongruent  .316 .271 .487* .232 .374 -.012 
RT       
Neutral -.459* -.269 -.228 -.188 -.049 -.171 
Opposite  -.457* -.182 -.262 -.187 -.102 -.353 
Congruent  -.361 -.208 .032 -.045 .121 -.012 
Incongruent  -.541* -.373 -.387 -.377 .008 -.261 
Simon effect -.093 -.118 -.451* -.338 -.152 -.261 
* Correlation is significant at the .05 level (2-tailed). 
 
Table 6. Bilingual children's correlations between verbal tests and demographic 
measurements. 
 Measure 
Letter 
fluency 
score 
Category 
fluency 
score 
PPVT 
standard 
EVT 
standard gap TOT% 
Letter fluency score  .517
* .474* .401 .086 .113 
Category fluency score .517*  .675 .752 -.165 -.265 
PPVT .474* .675**  .793 .265 -.057 
EVT .401 .752*** .793***  -.377 -.121 
Gap .086 -.165 .265 -.377  .104 
TOT% 0.113 -.265 -.057 -.121 .104  
English Exposure % -.057 -.028 .015 -.123 .217 .304 
L1 oral comprehension 
(1-6) .254 .257 .281 .3 -.048 .146 
L1 oral production (1-6) .228 .265 .319 .368 -.097 .162 
L1 pronunciation (1-5) .218 .213 .26 .236 .022 .315 
L2 exposure % .179 -.058 -.09 .09 -.279 -.064 
* Correlation is significant at the .05 level (2-tailed). 
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2.2.5. Correlations between verbal ability, executive function and demographic 
variables within monolingual children 
Correlations between measures of verbal ability and executive function are reported in 
Table 7. In the group of monolinguals, letter fluency scores were negatively correlated with 
Simon Arrows RT scores, indicating that, similar to that of the bilingual group, monolingual 
children with the smallest Simon effect cost, that is, those who were able to inhibit their 
habitual responses most effectively tended to have higher letter fluency scores. Specifically, 
letter fluency scores negative correlated with neutral reaction times (r = -.481, p = .032), 
opposite reaction times (r = -.564, p = .010), conflict congruent reaction times (r = -0.454, p 
= .044) and conflict incongruent reaction times (r = -0.453, p = .045); 2) similar to that of the 
bilingual group, PPVT scores were correlated with neutral accuracy scores (r = .449, p = .047) 
and opposite accuracy scores (r = .465, p = .039); 3) PPVT scores were correlated with EVT 
scores (r = .858, p < .001), monolingual category fluency scores correlated with EVT scores 
(r = .456, p = .043), however also correlated with Simon opposite accuracy scores (r = .539, p 
= .014), and negatively correlated with Simon opposite RT (r = -.567, p = .009), different to 
the findings of the bilingual group where category fluency test results did not correlate with 
any Simon Arrows scores.  
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Table 7. Monolingual children's correlations between Verbal Test and Demographic 
Measurements. 
 Measure 
Letter 
fluency 
score 
Category 
fluency 
score 
PPVT 
standard 
EVT 
standard TOT% 
Letter fluency 
score 
  .630** -.138 -.093 -.001 
Category fluency 
score .630
**   .291 .456* .44 
PPVT -.138 .291   .858*** .089 
EVT -.093 .456* .858***   .167 
TOT% -.001 .44 .089 .167   
Gap -.069 -.355 .145 -.383 -.161 
*** Correlation is significant at the .001 level (2-tailed). 
** Correlation is significant at the .01 level (2-tailed). 
* Correlation is significant at the .05 level (2-tailed). 
 
Table 8. Monolingual children's correlations between verbal ability and inhibitory control. 
 Measure 
Letter 
fluency 
score 
Category 
fluency 
score 
PPVT 
standard 
EVT 
standard TOT% Gap 
Accuracy             
Neutral  -.343 .020 .449* .309 -.032 .212 
Opposite .208 .539* .465* .492* .150 -.113 
Congruent -.044 -.216 -.119 -.208 .094 .188 
Incongruent -.135 -.116 .066 -.005 .040 .129 
RT             
Neutral -.481* -.439 .219 .131 -.477* .141 
Opposite -.564* -.567* -.006 .051 -.565* -.109 
Congruent -.454* -.312 .040 .215 -.513* -.342 
Incongruent -.453* -.195 .133 .314 -.398 -.365 
Simon 
effect 
-.159 .129 .204 .277 .053 -.167 
* Correlation is significant at the .05 level (2-tailed). 
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3. Experiment 2: Lexical retrieval and inhibitory control in monolingual and bilingual 
young adults 
3.1. Method 
3.1.1. Participants 
      Data were collected from 20 monolingual young adults (M age = 24.5 years, 11 males, 
9 females) and 20 bilingual young adults (M age = 25.7 years, 6 males, 14 females). The 
participants were recruited through the undergraduate psychology SONA system and 
advertisements. Participants were screened for history of neurological and language disorders. 
All participants satisfied the inclusion criteria, none were excluded, and all were included in 
the analysis. 
3.1.2. Linguistic and cultural background questionnaires  
All adult participants completed the Language Experience and Proficiency 
Questionnaire (LEAP-Q; Marian, Blumenfeld, & Kaushanskaya, 2007). The LEAP-Q 
measures self-rated proficiency in understanding, speaking and writing, language and cultural 
exposure, language usage in different daily surroundings (see Appendix A). The LEAP-Q 
reliably predicts relationships between self-report measures and behavioural measures of 
language proficiency. As the participants were tested solely in English for this study, the 
language of interest was English. The responses from participants indicate the extent of 
bilingualism among participants who spoke a LOTE, as well as the mode and quality of their 
language input and language use. 
For example, the self-ratings of participants’ passive mode of language learning and 
language usage include their ratings of language exposure from listening to music and radio, 
watching TV, reading, language lab/self-instruction, as well as how they think language 
experiences in these settings have contributed to their language learning. Similarly, the self-
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ratings of participants’ active mode of language learning and language usage relate to their 
ratings of language exposure from interaction with family and with friends and how these 
settings have contributed to their language proficiency. 
The 20 monolingual English speakers grew up in Australia, and 20 bilinguals were 
exposed to English regularly for at least 15 years, and can fluently speak at least one other 
language than English. Importantly, despite that all of the bilingual adults have LOTE as their 
mother tongue, they have varied language experiences, including different exposure of 
language environment (16 of them spent more than 10 years in an English-speaking society; 
10 of them were born in an English-speaking society ), language dominance (6 of them 
dominant in English; 5 of them dominant in LOTE; 9 of them balanced across the two 
languages). 
3.1.3. Procedures and Data Analysis 
Participants completed the same tasks used in Experiment 1. However, an expanded 
set of demographic variables were used in Experiment 2 such as years of education, exposure 
in languages (%), years in English society, years with an English speaking family, self-rated 
English proficiency in speaking, understanding speech and reading, total exposure in passive 
activities (such as time spent on listening to radio and music, watching TV and reading in 
English), total active exposure (such as time spent in interacting with friends and social-
community activities in English), and confidence in English public speaking. 
3.2. Results 
3.2.1. Simon Arrows task 
Accuracy. The accuracy data from the Simon Arrows task are presented in Table 9. 
To determine whether there is any significant difference in language group performance of 
accuracy across Simon Arrows task conditions, a 2 × (4) mixed factorial ANOVA was 
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conducted with the between-subjects factor of language group (monolingual vs. bilingual) 
and the within-subjects factor of condition (neutral, opposite, congruent, incongruent). There 
was a main effect of conditions of accuracy, F(3,114) = 4.205, p = .007, η𝑝2  = .100. No effect 
of language group was found, F(1,38) = 0.689, p = .412, η𝑝2  = .018), indicating no significant 
difference between monolinguals and bilinguals in accuracy performance. No interaction was 
found between language group and accuracy, F(3,114) = 0.016, p = .095 , η𝑝2  = .000. 
 
Table 9. Simon Arrows accuracy (%) for monolingual and bilingual young adults. 
Condition 
Monolinguals Bilinguals 
M (%) SD M (%) SD 
Neutral  97.8 5.7 95.8 11.3 
Opposite  91.8 11.1 92.8 7.0 
Congruent  96.0 4.8 93.3 9.5 
Incongruent  91.8 4.9 90.5 8.4 
 
A Bonferroni pairwise test was then performed to investigate how the conditions were 
different from one another. Significance was found between conflict incongruent condition 
(condition 4) and neutral condition (condition 1) (p = .011), and between conflict incongruent 
condition (condition 4) and conflict congruent condition (condition 3) (p = .018). No 
significance was found between neutral (condition 1) and opposite conditions (condition 2) (p 
=.175), neutral (condition 1) and conflict congruent (condition 3) conditions (p = .988), and 
opposite (condition2) and conflict congruent (condition 3) conditions (p =.840). This 
indicates that both monolingual and bilingual young adults found conflict incongruent 
condition the hardest to perform as compared to neutral and conflict congruent conditions. 
 
Reaction Times A 2 × (4) mixed factorial ANOVA with the between-subjects factor 
of language group (monolingual vs. bilingual) and the within-subjects factor of condition 
(neutral, opposite, congruent, incongruent) was then performed to compare bilingual and 
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monolingual young adults’ RTs across Simon Arrows task conditions. There was a main 
effect of condition, F(3,114) = 46.800, p < .001, η𝑝2  = .553. There was also an interaction of 
condition and language group: F(6,114) = 3.867, p = .011 and η𝑝2  = .092. However, no main 
effect of language group was found: F(1,38) = 0.727, p = .399 and η𝑝2  = .019. Group mean 
reaction times for the Simon Arrows task are presented in Table 10. 
 
Table 10. Simon Arrows reaction time (ms) for monolingual and bilingual young adults. 
Condition 
Monolinguals Bilinguals 
M (ms) SD M (ms) SD 
Neutral  358.9 44.5 378.1 79.9 
Opposite  411.2 75.0 478.9 124.4 
Congruent  481.0 112.7 485.3 81.3 
Incongruent  502.6 99.5 494.2 75.5 
 
A Bonferroni pairwise test was then performed to find out the overall difference 
between conditions. It is shown that significance was found between neutral and opposite 
conditions (p < .001), neutral and conflict congruent condition (p < .001), neutral and conflict 
incongruent conditions (p < .001), opposite and conflict congruent (p = .023), opposite and 
conflict incongruent conditions (p < .001). No significance was found between conflict 
congruent and conflict incongruent conditions (p = .241). 
Simon effect Simon effect as a popular indicator of inhibitory control difference 
between bilingual and monolingual groups was also examined through an independent 
samples t-test. The result showed no significance, t(38) = 0.889, p = .380. 
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3.2.2. Verbal Fluency Test (VFT) 
Table 11. Monolingual and Bilingual young adults' mean scores for letter fluency, category 
fluency, PPVT, EVT, receptive-expressive gap, and TOT rates. 
Measure Monolingual Bilingual 
M SD M SD 
Letter fluency  16.05 8.47 16.95 3.89 
Category fluency 24.85 6.49 23.50 7.53 
PPVT 98.55 9.39 86.75 13.11 
EVT  100.40 10.32 92.70 15.50 
Gap -1.35 7.40 -5.95 9.97 
TOT% .05 .05 .10 .06 
 
Verbal fluency was examined through a repeated measures 2 (condition: letter fluency 
test, category fluency test) × 2 (language group: monolingual, bilingual) ANOVA. There was 
a main effect in VFT conditions: F(1,38) = 47.928, p < .001, η𝑝2  = .558, indicating difference 
between the two conditions. The was no significance of language group difference: F(1,38) 
= .015; p = 0.904. No interaction of VFT and language group was found F(1,38) = 1.030, p 
=.317 and η𝑝2  = .026. The results indicate no verbal fluency difference caused by bilingualism 
for this age range. 
3.2.3. Comprehension and expression 
Independent samples t-tests were performed to compare the difference between 
monolingual and bilingual performances in PPVT and EVT. Group difference was found in 
PPVT scores, t(38) = 3.272, p = .002), but not in EVT scores, t(38) = 1.849, p = .072). The 
results indicate that the difference between the monolingual and bilingual samples lies in 
their different receptive vocabulary rather than their expressive vocabulary. The means of 
PPVT and EVT are presented in Table 11. 
To examine whether the above found absence of group difference in expressive 
vocabulary also extended to receptive-expressive gap and TOT rates, independent samples t-
tests were respectively performed to compare the difference between monolingual and 
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bilingual performances. The group difference was not significant in receptive and expressive 
gap, t(38) = 1.657, p = .106, but significant in TOT rates, t(38)= -2.573, p =.014. This group 
difference in TOT rates highlighted the monolingual advantage over the bilinguals in the 
quality of retrieval. 
3.2.4. Correlation between verbal ability, executive function and demographic 
variables within the bilingual young adult group 
Table 12. Bilingual young adults' correlations between measures of verbal ability and 
executive function. 
 Simon 
condition 
Letter 
fluency  
Category 
fluency  PPVT  EVT  Gap TOT% 
Accuracy       
Neutral  -.143 -.045 -.296 -.068 -.284 -.187 
Opposite  .248 .108 -.070 .147 -.320 -.381 
Congruent  .497* .138 -.200 .073 -.377 -.294 
Incongruent  .307 .204 -.161 -.116 -.032 -.061 
RT       
Neutral .642** .403 .263 .288 -.102 -.164 
Opposite  .450* .299 .114 .106 -.014 -.223 
Congruent  .277 .384 .043 .039 -.004 -.113 
Incongruent  .185 .255 -.145 -.040 -.128 -.129 
Simon effect -.220 -.306 -.367 -.157 -.239 -.014 
** Correlation is significant at the .01 level (2-tailed). 
* Correlation is significant at the .05 level (2-tailed). 
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Table 13. Bilingual young adults' correlations between Verbal Test and Demographic 
Measurements. 
 Measure 
Letter 
fluency 
score 
Category 
fluency 
score 
PPVT 
standard 
EVT 
standard gap TOT% 
Letter fluency 
score 
 .199 .039 .167 -.209 -.170 
Category fluency 
score 
.199  .576** .695*** -.324 -.452 
PPVT .039 .576**  .769 .118 -.260 
EVT .167 .695*** .769***  -.543* -.632** 
Gap -.209 -.324 .118 -.543  .641 
TOT% -.170 -.452* -.260 -.632** .641**  
English 
exposure(%) 
-.048 .183 .468* .450* -.084 -.124 
Understanding 
speech in English 
.074 .329 .394 .464* -.204 -.361 
Reading in 
English 
.111 .140 .182 .334 -.280 -.354 
Speaking English .025 .262 .458* .383 .006 -.312 
Active exposure .159 .427 .665*** .741*** -.279 -.618** 
Passive exposure .193 .208 .305 .259 -.003 -.363 
Years in English 
speaking society 
.056 .384 .291 .543* -.461 -.604 
English speaking 
family 
-.217 .421 .518 .478* -.062 -.547 
Years in LOTE 
society 
.056 -.495* -.542* -.706*** .386 .703*** 
Years in LOTE 
family 
.357 -.096 -.259 -.152 -.104 .157 
*** Correlation is significant at the .001 level (2-tailed). 
** Correlation is significant at the .01 level (2-tailed). 
* Correlation is significant at the .05 level (2-tailed). 
 
Similar to the analysis in the group of children, correlation was performed first 
between verbal variables and cognitive variables, and then between verbal task variables and 
demographic variables to explore the performance in bilingual young adults. Letter fluency 
scores correlated with conflict congruent accuracy scores (r = .497, p = .026), similar to the 
pattern in the bilingual children. Category fluency scores were correlated with both 
expressive vocabulary and self-rated language exposures. In particular, category fluency 
scores correlated with EVT scores (r = .695, p = .001), and years in LOTE society (r = -0.495, 
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p = .026), which indicates that the longer multilinguals spent outside of the English-speaking 
society, the lower their category fluency scores were.  
PPVT scores did not correlate with any Simon Arrows measurements, showing a 
different pattern compared to the bilingual children group. PPVT also correlated with 
category fluency scores (r = .576, p = .008) and EVT scores (r = .769, p < .001), indicating a 
strong influence on other verbal tasks. PPVT also correlated with self-rated language 
proficiency scores and exposure scores, such as current English exposure (%) (r = .468, p 
= .037), self-rated scores in speaking (r = .458, p = .043), active exposure (r = .665, p = .001). 
This could mean, instead of recruiting more on inhibitory control skills, PPVT performance is 
more associated with language or verbal environment for young adult bilinguals. 
EVT standard score correlated with overall English exposure (%) (r = .450, p = .046), 
proficiency in understanding English speech (r = .464, p = .039), active exposure (r = .741, p 
< .001), years in English society (r = .543, p = .013) and English-speaking family (r = .478, p 
= .033), and negatively correlated with gap (r = -.543, p = .013), TOT rates (r = -.632, p 
= .003). 
Receptive-expressive gap scores correlated with TOT rates (r=0.641, p = .002), and 
negatively correlated with years in English speaking social environments (r=-0.461, p = .041). 
This indicates that the more time a person is in the English-speaking environment, the less 
likely they would develop a gap between receptive vocabulary and expressive vocabulary. 
TOT rates negatively correlated with active exposure (r = -.618, p = .004), years in 
English speaking society (r = -.604, p = .0.05), and years with English speaking family (r = -
.604, p = .013). It was also correlated with years in LOTE society (r = .703, p = .001).  
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3.2.5. Correlations between verbal ability, executive function and demographic 
variables within monolingual young adults 
Similarly, correlation was performed first between verbal variables and cognitive 
variables (see Table 14), and then between verbal task variables and demographic variables 
(see Table 15). According to the results, letter fluency score was correlated with category 
fluency score (r =.688, p = .001), but not correlated with Simon Arrows scores, indicating no 
reliance of inhibitory control in the letter fluency task for the young adult monolinguals. 
PPVT score correlated with EVT score (r = .627, p = .003), but not with other verbal test 
scores. 
Table 14. Monolingual young adults' correlations between measures of verbal ability and 
inhibitory control. 
 Simon 
condition 
Letter 
fluency  
Category 
fluency  PPVT  EVT  Gap TOT% 
Accuracy       
Neutral  .111 .436 -.220 .172 -.491* -.141 
Opposite  -.210 -.098 .086 .186 -.097 .034 
Congruent  -.014 .167 -.437 -.271 -.117 .026 
Incongruent  -.235 -.180 -.254 -.076 -.241 .137 
RT       
Neutral -.277 -.180 -.210 -.251 .126 -.360 
Opposite  -.252 -.287 -.260 -.412 .315 -.209 
Congruent  -.130 -.353 -.291 -.593** .439 -.084 
Incongruent  -.283 -.349 -.232 -.435 .309 -.169 
Simon effect -.264 .098 .191 .463* -.367 -.145 
** Correlation is significant at the .01 level (2-tailed). 
* Correlation is significant at the .05 level (2-tailed). 
 
Table 15. Monolingual young adults' correlations between Verbal Test measurements. 
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 Measure 
Letter 
fluency 
score 
Category 
fluency 
score 
PPVT 
standard 
EVT 
standard TOT% 
Letter fluency 
score 
 .688** -.047 .224 -.230 
Category fluency 
score 
.688**  -.167 .286 -.275 
PPVT standard -.047 -.167  .627
** -.144 
EVT standard .224 .286 .627
**  -.260 
TOT% -.230 -.275 -.144 -.260  
gap -.407 -.544* .299 -.532* .131 
** Correlation is significant at the .01 level (2-tailed). 
* Correlation is significant at the .05 level (2-tailed). 
 
4. Experiment 3: Lexical retrieval and inhibitory control in L2 learners 
4.1. Method 
4.1.1. Participants 
Twenty English L2 learners were recruited for this experiment, and they were 
compared to the 40 young adults who participated in Experiment 2. Therefore, Experiment 3 
consisted of three groups of young adults (N = 60): 20 monolinguals (M age = 24.5 years), 20 
bilinguals (M age = 25.7 years), and 20 English L2 leaners (M age = 23.4 years) Importantly, 
the new group of L2 learners were all international students from mainland China who had 
acquired their L2 English later than Year 6 (M age = 23.4 years) and in a formal classroom 
setting from non-native teachers. Further, they had no more than two years of exposure in 
English-speaking country (M = 0.5 years). 
Identical background measures and tasks were used as in Experiment 2. 
4.2. Results  
4.2.1. Simon Arrows task 
Table 16. Simon Arrows accuracy (%) for young adult monolinguals, bilinguals and L2 
learners. 
Condition Monolingual Bilingual L2 learners 
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M (%) SD M (%) SD M (%) SD 
Neutral  98 .06 96 .11 95 .05 
Opposite  92 .11 93 .07 92 .06 
Congruent  96 .05 93 .09 95 .05 
Incongruent  92 .05 91 .08 86 .16 
 
Table 16 presents the mean scores of Simon Arrows accuracy results of the three adult 
groups. To investigate whether there is any significant difference in language group 
performance of accuracy across Simon Arrows task conditions, a repeated measures 4 
(condition: neutral, opposite, congruent, incongruent) × 2 (language group: monolingual, 
bilingual) ANOVA was conducted. There was a main effect of conditions of accuracy, 
F(3,171) = 8.276, p < .001, η𝑝2  = .127, but no effect of language group, F(2,57) = 1.025, p 
= .356. No interaction was found between language group and accuracy, F(6,171) = 0.932, p 
= .473 , η𝑝2  = 0.032. 
 
A Bonferroni pairwise test was then performed to investigate the difference between 
conditions. It is shown that significance was found between conflict incongruent condition 
(condition 4) and neutral condition (condition 1) (p = .002), and between conflict incongruent 
condition (condition 4) and conflict congruent condition (condition 3) (p = .002). No 
significance was found between neutral (condition 1) and opposite conditions (condition 2) (p 
= .078), neutral (condition 1) and conflict congruent (condition 3) conditions (p = 1.000), 
opposite (condition2) and conflict congruent (condition 3) conditions (p = .172) and between 
opposite condition and conflict incongruent conditions (p = .439). 
 
Reaction Times To investigate whether there is any significant difference in language 
group performance of reaction times across Simon Arrows task conditions, a repeated 
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measures 4 (condition: neutral, opposite, congruent, incongruent) × 2 (language group: 
monolingual, bilingual) ANOVA was conducted. There was a main effect of “conditions”: 
F(3,171) = 46.800, p <.001 and η𝑝2  = .519. There was also an interaction of “conditions” and 
“Language group”: F(6,171) = 3.199, p = .011 and η𝑝2  = .101. However, no main effect of 
language group was found: F(2,57) = .727, p = .668 and η𝑝2  = .014. 
 
Table 17. Simon Arrows mean reaction time (ms) for young adult monolinguals, bilinguals 
and L2 learners. Standard deviations are in parentheses 
Language 
Group Neutral Opposite Congruent Incongruent 
Monolingual 358.9 (44.5) 411.2 (75.0) 481.0 (112.7) 502.6 (99.5) 
Bilingual 378.1 (79.9) 479.0 (124.4) 485.3 (81.3) 494.2 (75.5) 
L2 learners 381.1 (107.4) 443.7 (81.9) 445.2 (47.4)  515.2 (82.1) 
 
 
A Bonferroni pairwise test was then performed to find out the overall difference 
between conditions. It is shown that significance was found between neutral and opposite 
conditions (p < .001), neutral and conflict congruent condition (p < .001), neutral and conflict 
incongruent conditions (p < .001), conflict congruent and conflict incongruent conditions (p 
< .001), opposite and conflict incongruent conditions (p < .001). No significance was found 
between opposite and conflict congruent (p = .070). 
 
Simon effect Simon effect in-between the monolingual group and L2 learners and 
between bilingual group and L2 learners was also examined through independent samples t-
tests. The result showed significance between monolingual group and L2 learners, t(38) = -
.768, p = .009, and between bilingual group and L2 learners, t(38)= -.848, p < .001). 
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4.2.2. Verbal Fluency Test (VFT) 
Table 18. Young adult bilinguals' and L2 learners' mean scores for letter fluency, category 
fluency, PPVT, EVT, receptive-expressive gap, and TOT rates. 
Measure Monolingual Bilingual 
M SD M SD 
Letter fluency  16.95 3.89 14.05 3.76 
Category fluency 23.50 7.53 15.45 4.48 
PPVT 86.75 13.11 43.95 14.10 
EVT  92.70 15.50 57.10 10.50 
Gap -5.95 9.97 -13.15 14.60 
TOT% .10 .06 .13 .14 
 
To investigate whether there is any significant difference in language group 
performance of verbal fluency tests, a repeated measures 2 (condition: letter fluency test, 
category fluency test) × 2 (language group: monolingual, bilingual) ANOVA was conducted. 
There was a main effect in VFT conditions: F(1,38) = 15.145, p < .001, η𝑝2  = .285, indicating 
significant overall difference between two conditions. The was also significance of language 
group difference: F(1,38) = 18.658, p < .001, η𝑝2  = .329. Interaction of VFT and language 
group was found: F(1,38) = 6.356, p = .016, η𝑝2  = .143. A follow-up independent samples t-
test was performed with p-values adjusted to .025 to account for multiple comparisons using 
the Bonferroni correction. There was significant group difference in letter fluency scores, t(38) 
= 2.398, p = .022, and category fluency test, t(38) = 4.110, p < .001. 
4.2.3. Comprehension and expression 
Independent samples t-test was performed to compare the difference between 
monolingual and bilingual performances in PPVT test and EVT test. Group difference was 
found in PPVT scores, t(38) = 9.943, p < .001, and in EVT scores, t(38) = 8.502, p < .001. 
The result indicates significant difference of both receptive vocabulary and expressive 
vocabulary between the bilingual and L2 participants.  
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Independent samples t-tests were respectively performed to compare the difference 
between bilingual and L2 performances in receptive-expressive gap and TOT rates. The 
group difference was not significant in receptive-expressive gap, t(38) = 1.821, p = .077, or 
TOT rates, t(38) = -0.952, p = .347.  
4.2.4. Correlations between verbal ability, executive function and demographic 
variables within L2 learners 
Table 19. Young adult L2 learners' correlations between measures of verbal ability and 
inhibitory control. 
 Simon 
condition 
Letter 
fluency  
Category 
fluency  PPVT  EVT  Gap TOT% 
Accuracy       
Neutral  .168 -.038 .651** -.011 .636** .096 
Opposite  -.079 -.236 -.087 -.393 .199 -.102 
Congruent  .146 -.307 .082 .190 -.058 .037 
Incongruent  .366 .292 .360 .264 .158 .229 
RT       
Neutral .088 .355 .448* .045 .400 .204 
Opposite  .229 .319 .165 -.059 .202 -.108 
Congruent  .234 .067 -.027 .212 -.179 -.245 
Incongruent  .502* .076 -.060 -.072 -.006 -.276 
Simon effect .509* .052 -.061 -.270 .136 -.188 
*** Correlation is significant at the .001 level (2-tailed). 
** Correlation is significant at the .01 level (2-tailed). 
* Correlation is significant at the .05 level (2-tailed). 
 
Correlation analyses were performed first between verbal variables and cognitive 
variables, and then between verbal task variables and demographic variables. Letter fluency 
scores correlated with incongruent reaction times score (r = .502, p = .024) and Simon effect 
scores (r = .509, p = .022). Category fluency scores correlated with years in English speaking 
society (r = .627, p = .003). PPVT scores were correlated with English exposure (%) (r 
= .518, p = .019), passive exposure (r = .565, p = .009), years in English-speaking society (r 
= .711, p < .001) and Simon Arrows neutral accuracy scores (r = .651, p = .002). 
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Table 20. Young adult L2 learners' correlations between Verbal Test and Demographic 
Measurements. 
 Measure 
Letter 
fluency 
score 
Category 
fluency 
score 
PPVT 
standard 
EVT 
standard Gap TOT% 
Letter fluency score 1 .324 .138 .160 .018 -.165 
Category fluency 
score 
.324 1 .353 .298 .127 .325 
PPVT standard .138 .353 1 .323 .733*** .474* 
EVT standard .160 .298 .323 1 -.407 .422 
Gap .018 .127 .733*** -.407 1 .154 
TOT% -.165 .325 .474* .422 .154 1 
English exposure (%) -.052 .409 .518* .443 .182 .465* 
Confidence .187 .489* .416 .611** -.038 .352 
Active exposure .079 .380 .216 .171 .086 .285 
Passive exposure .246 .392 .565* .537* .159 .404 
Years in English 
speaking society 
.135 .627* .711*** .385 .409 .453* 
*** Correlation is significant at the .001 level (2-tailed). 
** Correlation is significant at the .01 level (2-tailed). 
* Correlation is significant at the .05 level (2-tailed). 
5. Discussion  
The present series of experiments examined lexical retrieval and inhibitory control, as 
well as issues in verbal tasks such as receptive-expressive gap, and tip-of-the-tongue states in 
monolingual and bilingual children (Experiment 1) and young adults (Experiment 2). In 
addition, we probed the role of earlier and more intensive L2 experience by comparing L2 
learners to monolinguals and bilinguals (Experiment 3). It was hypothesised that bilinguals 
would be disadvantaged in lexical retrieval tasks compared to monolinguals, but not in 
inhibitory control tasks. First, it was predicted that monolinguals would perform better than 
bilinguals in terms of their receptive vocabulary (as measured by PPVT), and would therefore 
perform better in category fluency and score higher on expressive vocabulary (as measured 
by EVT); bilinguals were also expected to exhibit higher TOT rates and larger receptive-
expressive gap than their monolingual peers. Higher TOT rates in bilinguals were observed in 
young adults (Experiment 2), but not in children (Experiment 1), whereas none of the 
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experiments showed language group difference in receptive-expressive gap. Second, it was 
predicted that bilinguals would outperform monolinguals on the Simon Arrows task, which 
measures executive function. The bilingual advantage was expected to be greatest for the 
incongruent condition which requires participants to ignore irrelevant spatial information 
when making their judgement, placing demands on the inhibitory control system. This 
hypothesis was supported by the data from the children (Experiment 1), but not for the young 
adults (Experiment 2). Third, L2 learners (Experiment 3) were expected to perform better 
than the monolinguals but not as well as the bilinguals in this inhibitory control task. L2 
learners did not outperform monolinguals, and thus the data from Experiment 3 did not 
support this prediction. We discuss the findings in regards to the issues in lexical retrieval and 
inhibitory control for each of the participant groups as follows. 
5.1. Verbal competence 
In previous studies examining receptive vocabulary using PPVT, results have 
generally shown an advantage for monolinguals over bilinguals. This is evidenced both in 
school-aged children (Bialystok et al., 2010) and adults (Bialystok & Luk, 2012; Portocarrero 
et al., 2007). However, some studies have observed no difference between bilingual and 
monolingual school-aged children for performance on the PPVT (Yan & Nicoladis, 2009). 
The present study has replicated the results of Yan and Nicoladis (2009) in that our 
monolingual and bilingual children showed no group differences in PPVT-indexed receptive 
vocabulary. In Experiment 2, the monolingual young adults had larger receptive vocabularies 
than bilinguals, consistent with the findings of Bialystok and Luk (2012) and Portocarrero et 
al. (2007). Interestingly, L2 learners had the lowest receptive vocabulary scores, lower than 
both the monolingual and bilingual young adult groups. 
Past studies have also typically demonstrated that monolinguals have larger 
expressive vocabularies than bilinguals (Luo et al., 2010; Roberts et al., 2002). For bilinguals, 
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it has been reported that the failure to retrieve expressive vocabulary could be due to small 
vocabulary size (receptive vocabulary) in general (Bialystok et al., 2008a), although other 
variables such as individual language exposure and frequency of language use could also 
affect the expressive vocabulary size (Ribot et al., 2017). However, in the present series of 
experiments, we did not observe expressive vocabulary differences between monolingual and 
bilingual groups, a pattern that held for both children and adults. As mentioned above, the 
monolingual and bilingual children had similar receptive vocabulary scores as measured by 
PPVT, and thus it might seem reasonable to expect that this general similarity in vocabulary 
knowledge would extend to other lexical retrieval measures, such as expressive vocabulary. 
Intriguingly, bilingual young adults did not differ from their monolingual counterparts in 
terms of expressive vocabulary either, contrary to our hypothesis. This is a surprising finding. 
Past research has demonstrated a clear bilingual disadvantage when it comes to expressive 
vocabulary (Gollan et al., 2005; Ivanova & Costa, 2008), however, we have not observed 
such a pattern here. We speculate that this might be because the bilinguals that we recruited 
had been educated in English (their L2), and had spent an extended period of many years in 
predominantly English-speaking environments.  
The present study also investigated the lexical competence of monolingual and 
bilingual children and adults by including measurements of TOT rates and receptive-
expressive gap, in an effort to test the hypothesis concerning whether bilinguals would be 
prone to higher TOT rates and wider receptive-expressive gaps. Our results replicated 
findings from previous studies demonstrating that bilingual young adults show higher TOT 
rates compared to their monolingual counterparts (Gollan & Acenas, 2004; Gollan & Brown, 
2006; Gollan & Silverberg, 2001). The combined observations that monolinguals and 
bilinguals show no difference in expressive vocabulary size, but do show a significant 
difference in TOT rates suggests that bilinguals could have the same expressive knowledge 
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compared to monolinguals, but still encounter difficulty in the retrieval process, which would 
hinder their ability to maintain native-like lexical retrieval. No bilingual disadvantage in 
terms of TOT rates was observed in the children (Experiment 1). L2 learners did not show 
higher TOT rates as compared to the bilingual young adult group, contrary to our hypothesis, 
although they performed worse than the bilinguals on both the PPVT and EVT. 
The present study showed no differences in the size of receptive-expressive gap between 
the monolingual and bilingual groups at either age group, nor was a difference found between 
the L2 learners and bilinguals. Previous studies have reported a robust receptive-expressive 
gap for bilinguals compared to their monolingual peers (Gibson et al., 2012, 2014; Keller et 
al., 2015). One possible explanation for the lack of a difference in receptive-expressive gap 
scores is that bilinguals who have smaller receptive vocabulary sizes might also be more 
likely to have smaller expressive vocabulary sizes, as compared to their monolingual 
counterparts (Gibson, Jarmulowicz, & Oller, 2017; Leonard, 2009). This explanation could 
also be extended to account for the observation that L2 learners did not differ from bilingual 
young adults in receptive-expressive gap scores, as L2 learners were shown to be less capable 
in both PPVT and EVT as compared to the bilingual and monolingual young adults. 
Therefore, although no differences were observed for the receptive-expressive gap measure, 
this may be because the groups differed in both their receptive and expressive abilities, and 
this general depression in performance would not be captured by a difference score such as 
receptive-expressive gap. 
5.2. Verbal Fluency tests 
Although verbal competency tests have been reported to involve both cognitive 
demand and lexical knowledge, performance on both letter and category fluency tests are 
modulated by language proficiency (indexed by receptive vocabulary test) (Friesen et al., 
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2015). No differences were observed between bilinguals and monolinguals (in either children 
or young adults), and L2 learners performed poorer than bilingual young adults. This pattern 
of results differed from our expectations. We had hypothesised that monolinguals would 
outperform the bilinguals in both the child and adult groups. Measures of verbal fluency are 
known to rely on vocabulary size (Friesen et al., 2015; Kormi-Nouri et al., 2012), and 
although bilinguals often show an advantage in letter fluency, this advantage could be 
obscured by their (limited) vocabulary. It is thus clear that bilinguals in the present study 
matched the fluency levels of the monolinguals. 
In summary, when performance of monolingual and bilingual children was compared, 
the data revealed no language group differences in any objective measurements collected in 
the lexical retrieval tasks. This includes no language group difference in receptive vocabulary 
size, expressive vocabulary size, vocabulary fluency measured with letter and category 
exemplars, TOT rates, and receptive-expressive gap. Bilingual children in the present study 
had similar receptive vocabulary knowledge to their monolingual counterparts as indicated by 
the PPVT scores, and by extension it might be reasonable to assume that this general 
similarity in vocabulary knowledge extends to other lexical retrieval measurements, such as 
expressive vocabulary and category fluency (e.g., Friesen et al., 2015). 
Despite the lack of difference between monolinguals and bilinguals in the children, 
the young adults revealed more diverse patterns of lexical retrieval. First, in line with our 
prediction, monolingual young adults showed a significant advantage on the PPVT as 
compared to their bilingual peers. This established that monolingual young adults have larger 
receptive vocabularies and more lexical knowledge. Second, despite the disadvantage in 
vocabulary knowledge, bilinguals matched the performance of their monolingual peers in the 
verbal fluency test. Third, contrary to our expectation, the two language groups did not differ 
in their expressive vocabulary knowledge as shown in their similar scores on the EVT. Fourth, 
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consistent with previous research, bilingual young adults had higher TOT rates than 
monolingual young adults in the EVT task (Gollan & Silverberg, 2001). Fifth, there was also 
no difference between monolingual and bilingual young adults in their receptive-expressive 
gap, contrary to what we had expected. 
The current study also explored the role of degree of bilingualism by comparing the 
L2 learners with the bilinguals. Note that the L2 learners had acquired their L2 during 
adolescence in a formal setting from non-native teachers, and could thus be classified as late 
sequential L2 learners who had been under-exposed to English in terms of language input 
quality and quantity. In contrast, the bilinguals had been educated in English in an English-
speaking society for at least 5 years, and thus had higher levels of English proficiency. 
According to the results, the bilingual group performed significantly better than the L2 
learners across numerous measures (e.g., verbal fluency, PPVT, EVT), reflecting an overall 
advantage of the bilingual group over the L2 learner group. However, there was no difference 
between the two groups in TOT rates or receptive-expressive gap. 
5.3. Inhibitory control 
The current study tested the hypothesis that bilinguals outperform monolinguals on 
inhibitory control tasks (a pattern which was expected to emerge for both the child and the 
young adult groups), and the L2 learners were expected to perform intermediate to the 
bilinguals and monolinguals (i.e., better than the monolingual young adult group but worse 
than the bilingual young adult group). We also predicted that the bilingual advantage in 
inhibitory control would be more evident in childhood as compared to young adulthood. 
The findings from the Simon Arrows task revealed a pattern of results that partially 
supported our hypotheses. On the one hand, bilingual children showed the predicted accuracy 
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advantage in the both the congruent and incongruent conditions, but on the other hand, the 
bilingual advantage was not observed in the measurement of reaction times. It is likely that 
the bilingual advantage in reaction times was masked by the increased need to maintain 
accuracy. Recall that the first two conditions in the Simon Arrows task (i.e., the neutral and 
opposite conditions) were Stroop-like and required less involvement of inhibitory control, 
whereas the last condition was more Simon-like with congruent and incongruent trials 
alternating to create conflict. Therefore, it is not surprising that the bilingual advantage only 
emerged in the latter and more demanding condition (in terms of greatest demands placed on 
the inhibitory control system). 
When monolingual and bilingual young adults were compared, minimal between-
group differences were found in any of the Simon Arrows conditions. This is not surprising if 
we consider the developmental pattern of executive functioning abilities pointed out in Park 
et al. (2002), who have demonstrated that executive functioning abilities peak in young 
adulthood, and therefore variations of performance in executive functioning tasks could be 
less apparent during young adulthood as compared to childhood (or for that matter in older 
adulthood). Following this point, we then compared the performance pattern across 
conditions and across child and adult groups. It was found that children exhibited a different 
performance pattern across conditions as compared to the young adult groups. First, the 
bilingual versus monolingual difference in accuracy was larger in children than in adults. 
Additionally, children were more accurate in the Stroop-like (neutral and opposite) conditions 
and less accurate in the Simon-like (congruent and incongruent) conditions, whereas young 
adults were more accurate in the conflicting (opposite and incongruent) than the non-
conflicting conditions (neutral and congruent), replicating the findings in Martin-Rhee and 
Bialystok (2008). Second, bilinguals differed from monolinguals more in childhood than in 
adulthood in terms of Simon Arrows reaction times. Children exhibited faster reaction times 
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in the Stroop-like (neutral and opposite) conditions, and slower reaction times in the Simon-
like (congruent and incongruent) conditions. Younger adults responded faster in the Stroop-
like (neutral and opposite) conditions, and were slower in the Simon-like (congruent and 
incongruent) conditions. These results indicate that school-aged children generally found the 
third condition (alternating presentation of conflicting congruent and incongruent trials) more 
cognitively demanding. 
We also compared the L2 learners to both the monolingual and bilingual young adult 
groups to investigate the role of degree of bilingualism on inhibitory control. The result 
showed no significant difference in Simon Arrows accuracy or reaction times, however, L2 
learners had a significantly larger Simon effect than both the monolingual and bilingual 
groups. This indicates that L2 learners performed more akin to a monolingual group than a 
bilingual group. Despite their (limited) L2 experience, no evidence of a bilingual advantage 
was found. 
5.4. Lexical retrieval and inhibitory control in children 
The correlation analyses uncovered a reliable relationship between inhibitory control 
abilities and lexical retrieval, however, the patterns of correlations were similar between the 
monolingual and bilingual groups of children. Both monolingual and bilingual children 
showed the same pattern of correlations: their letter fluency correlated with inhibitory control 
(as measured by the Simon task). This observation is consistent with previous findings where 
the mechanism for fast phonemic retrieval is more cognitively exerting for both monolingual 
and bilingual children (Friesen et al., 2015) than for semantic retrieval (i.e., category fluency). 
EVT scores correlated with category fluency, but not letter fluency. This is also consistent 
with previous findings that Category fluency is more associated with semantic retrieval and 
more subjected to participants’ vocabulary competence (Friesen et al., 2015). Interestingly, 
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for both monolingual and bilingual children, performance on the PPVT correlated with 
performance on the Simon Arrows task.  
In summary, this group of bilingual children showed the expected advantage in 
executive functioning and no disadvantage of lexical retrieval in any of the lexical 
measurements, consistent with the findings of Friesen et al. (2015). The data suggest that 
with enough language exposure and language use, children who acquire English later than 
monolinguals may eventually perform equivalently on tests of lexical retrieval while at the 
same time showing evidence of the bilingual advantage associated with non-verbal inhibitory 
control. The bilinguals in this sample had lived in Australia for an average of 4 years, with 
some older children having been educated in Australia for more than 3 years. This is 
consistent with recent claims that bilingual children may take 4-6 years to display similar 
language abilities as their monolingual age-peers (e.g., Paradis & Jia, 2017). 
5.5. Lexical retrieval and inhibitory control in monolingual and bilingual young adults 
Let us turn now to the correlation patterns observed in the groups of young adults. 
The monolingual and bilingual adult groups showed correlation patterns that were quite 
different. First, letter fluency scores only correlated with category fluency scores for the 
monolinguals, but not for the bilinguals for whom letter fluency correlated with Simon 
Arrows conflict accuracy. This suggests that bilingual young adults rely on their cognitive 
ability more so than their lexical ability, a pattern that was not observed in the monolinguals. 
Second, a relationship was observed between category fluency and receptive-expressive gap 
for the monolinguals, whereas for bilinguals category fluency positively correlated with 
PPVT and EVT, and negatively correlated with TOT rates. This suggests that category 
fluency was more relevant to verbal retrieval but not inhibitory control (as no correlations 
were observed with the Simon Arrows task). Third, whereas PPVT scores did not correlate 
 59 
with any measurement except EVT scores for monolinguals, for bilinguals PPVT correlated 
with a range of self-rated language exposure variables, suggesting that language exposure and 
language environment underlined bilinguals’ acquisition of vocabulary. Fourth, for 
monolinguals, EVT scores negatively correlated with receptive-expressive gap as well as 
congruent reaction times in the Simon Arrows task and the magnitude of the Simon effect, 
and gap was also related to neutral accuracy scores in the Simon Arrows task. These 
correlations indicate a reliable dependence on inhibitory control when performing the EVT. 
This pattern differs from that observed for the bilinguals, where EVT scores were closely 
related to self-rated language proficiency, language exposure, as well as receptive-expressive 
gap and TOT rates rather than inhibitory control skills. Fifth, interestingly, TOT rates 
correlated with the receptive-expressive gap score for the bilingual group, which supports the 
assumption that TOTs can be predicted by taking into account the proportionate amount of 
language input as compared to output. Moreover, TOT rates correlated with self-rated 
language exposure, suggesting that the TOT rates are affected by the amount of language use. 
In sum, bilingual adults differed from monolinguals in lexical retrieval (i.e., bilinguals 
had lower PPVT scores), but still managed to perform similarly on the letter fluency task. 
This suggests that bilinguals could be relying on their superior inhibitory control to 
compensate for their smaller vocabulary size. Moreover, we did not observe a bilingual 
disadvantage in verbal production in terms of expressive vocabulary size (i.e., no language 
group difference was found in either the category fluency task and EVT score), but rather in 
the quality of bilinguals’ production, that is, more chances of having TOT states. 
5.6. Inhibitory control and lexical retrieval in L2 learners 
L2 learners showed a similar pattern of correlations to the bilingual group. L2 learners’ 
letter fluency scores correlated with incongruent reaction times and the magnitude of the 
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Simon effect. PPVT scores correlated with the gap score and TOT rates. TOT rates correlated 
with language exposure. However, L2 learners did not show any signs of the bilingual 
advantage, but rather their performance exhibited the disadvantages associated with their 
reduced proficiency in the testing language (English).  
5.7. The Suppression account and Weaker Links account 
In the present study, we set out to test the two theoretical accounts of lexical retrieval 
in bilinguals. The Suppression account (Green, 1998) predicts that bilinguals are constantly 
monitoring and managing their two languages, and consequently, this leads to the emergence 
of inhibitory control advantages and lexical retrieval disadvantages as compared to 
monolinguals, with the disadvantages in verbal retrieval especially evident when producing 
their non-dominant language. Alternatively, according to the Weaker Links account (Gollan 
& Brown, 2006; Gollan et al., 2008) bilinguals are disadvantaged in lexical retrieval simply 
because they use each of their two languages less often than monolinguals, leading to weaker 
connections (or ‘links’) between semantic and phonemic representations. From this 
perspective, it may be possible to reduce the degree of this ‘weaker links’ disadvantage 
(relative to their monolingual peers) when bilinguals are exposed to similar language contexts 
as monolinguals (i.e., similar language social environments, language exposure, language 
practice). This monolingual-like exposure will strengthen the links between semantic and 
phonemic representations within the language system, which will in turn improve the 
efficiency of word retrieval processes and reduce the disadvantage relative to monolingual 
baseline groups. 
The lexical retrieval performance of the monolingual and bilingual children reveals 
that language use and language environment exert great influence, so much so that bilinguals 
with similar English exposure performed equivalently to monolinguals of the same age. This 
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finding is compatible with the Weaker Links account, according to which increased language 
use leads to a diminished frequency effect (Gollan et al., 2008). Interestingly, for children, we 
have observed the advantage of bilingual inhibitory control but not the disadvantage of 
bilingual lexical retrieval. For the young adults, bilinguals lagged behind in lexical retrieval 
as compared to their monolingual peers, suggesting that by young adulthood, a weakening of 
the links between semantic and phonemic representations has occurred. This developmental 
pattern is explained by the Weaker Links account. Language links are expected to weaken as 
a bilingual ages, because bilinguals must necessarily divide their language use across their 
two languages. Furthermore, the lexical retrieval performance of L2 learners as the control 
group showed that L2 acquisition without the target language environment does not give rise 
to the advantages of bilingualism. This result could be explained by the Weaker Links 
account in that bilinguals outperformed L2 learners in lexical retrieval because bilinguals use 
the testing language more often than the L2 learners. Consistent with this interpretation is the 
observation that the bilinguals’ weaker links in production tasks became visible in indirect 
lexical retrieval measurements (such as TOT rates) rather than in the measurement of 
vocabulary size.  
5.8. Limitations 
Monolinguals and bilinguals did not differ in their receptive-expressive gaps, contrary 
to our hypotheses for either age group. Moreover, the standardised scores obtained for the 
expressive vocabulary measure were higher than the receptive vocabulary measures for both 
monolingual and bilingual groups, which leads to the unusual negative figures in the 
receptive-expressive gap values. It is not clear why some of our participants’ expressive 
vocabulary scores were greater than their receptive vocabulary scores, a pattern that differs 
from the results of previous research where the receptive-expressive gap typically results in 
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positive values (i.e., receptive vocabulary size exceeds expressive), especially for bilinguals. 
One possible explanation could be that our samples size was too small for the receptive-
expressive gap to be evident, as a selection of studies examining receptive-expressive gap 
(e.g., Gibson et al., 2012, 2014) have used large sample sizes of participants (e.g., > 500 
participants). It could also be due to the use of two co-normed test kits with differing 
numbers of items and the rule of standardisation having masked the effect of receptive-
expressive gap (see Gibson et al., 2017 for a review). However, in our effort to test both 
children and young adults with differing degrees of bilingualism, we thought it necessary to 
use standardised tests when measuring receptive and expressive vocabulary sizes. We thus 
also embedded the measurements of TOT rates and receptive-expressive gap, although this 
combination of measurements has not often been considered by previous studies.  
5.9. Future direction 
In Experiment 1, bilingual children performed similarly to monolinguals on 
measurements of verbal fluency, receptive vocabulary knowledge, and expressive vocabulary 
knowledge, and also showed an advantage for inhibitory control. However, this bilingual 
advantage was not observed in the young adults in Experiment 2, and their lexical retrieval 
performance was poorer than the monolinguals’. A potentially useful future investigation 
would be to administer our selection of tasks on populations of monolingual and bilingual 
older adults. Recall that the developmental pattern of executive functioning abilities peak in 
young adulthood and then decline with age (Park et al., 2002). Thus, we might expect 
bilingualism to preserve executive function and prevent its deterioration with advancing age. 
Data collection is already under way to test this potentially fruitful lifespan bilingual 
trajectory, and initial impressions appear to support the notion of a bilingual protective effect 
re-emerging in later life. 
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With various mixed results of bilingualism in both executive functioning and in other 
aspects of language development, some have raised the question concerning whether the 
search for the bilingual advantage in inhibitory control should continue (Paap, Johnson, & 
Sawi, 2016). Our data suggest that bilingual advantages are worth pursuing so that we might 
deepen our understanding of the underlying factors that contribute to the emergence of any 
such advantages throughout the lifespan. We echo previous calls that objective tests should 
be used to reveal bigger pictures of the cognitive consequences of bilingualism. An additional 
factor that would be informative (although not always feasible) would be to include 
monolingual control groups in each of the bilinguals’ languages.  
6. Conclusion 
This thesis examined performance in inhibitory control and lexical retrieval tasks in 
monolinguals and bilingual school-aged children and young adults, as well as the inhibitory 
control skills among three groups of young adults with differing degrees of bilingualism: 
monolingual, bilingual young adults, and young adult L2 learners. The results have shown 
that 1) bilingual children matched the performance of monolinguals across a variety of verbal 
retrieval tasks, and at the same time maintain their bilingual advantage in inhibitory control; 2) 
bilingual young adults were more subjected to weaker links as compared to children; 3) L2 
learners who acquired their L2 within a non-native environment did not show the bilingual 
advantage in inhibitory control. The results are consistent with the Weaker Links account, 
according to which, bilinguals have less language use in each of their two languages 
compared to the monolinguals, and therefore have weaker links between their semantic and 
phonemic representations. With increased language use, bilinguals could strengthen the 
language “links” and perform equivalently to their monolingual peers. However, the weaker 
“links” could be more pronounced in young adulthood than in childhood due to the 
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developmental pattern of the weaker links. The present study has shed light on the 
relationship between lexical retrieval and inhibitory control when different stages of 
development and differing degrees of bilingualism are considered.  
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